Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 
to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 
to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 
are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  marginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 
publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  have  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 

We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fi^om  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attribution  The  Google  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liability  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.  Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 


aqhttp: //books. google. com/ 


A    TKEATISE 


THE    DISEASES 


NERVOUS    SYSTEM. 


. .  •  •  t    • 


JAMES     ROSS,    M.D., 

MtllBKB  or  THK  ROYAL  COLLEOK  OF  FBTSICIANS,    LOHOOH  ; 

ASSISTANT     PHYSICIAN     TO     THE     MANCUK8TEB     BOYAL     INFIBMABT; 

CONSCLTiaO  FHT8I0IAM    TO  THE  HANCHESTEH 

SOUTHBBN   HOSPITAL. 


ILLUSTRATED    WITH  LITHOOSAPHS,    PHOTOGRAPHS,  AND 
TWO  HUSDRED   AND  EIQUTY   WOODCUTS. 


Volume  I. 


NEW   YORK: 
WILLIAM     WOOD     AND     GO. 


1881. 

3 


V.  / 

isei 


PREFACE. 


In  the  following  pages  I  have  eadeavoured  to  give  a  tolerably 
full  account  of  the  diseases  to  which  the  nervous  system  is 
liable,  with  the  exception  of  the  pyschoses,  which  form  a 
iflifficiently  large  and  important  group  to  demand  a  separate 
treatise.  It  would  be  invidious  to  single  out  for  special  men- 
tion a  few  of  the  many  authors  whose  works  I  have  had 
occasion  to  consult ;  I  must,  therefore,  ask  them  all  to  accept 
the  simple  acknowledgment  conveyed  in  the  insertion  of  their 
names  in  the  text. 

A  large  number  of  the  illustrations  are  borrowed  from  Henle's 
"  Anatomic,"  Landois'  "  Physiologic,"  Heath's  "  Anatomy," 
Tibbits'  "  Medical  Electricity,"  Walton  "  On  Diseases  of  the 
Eye,"  and  Gamgee's  translation  of  Hermann's  "  Physiology,"  as 
well  as  from  the  writings  of  Flechsig,  Duchenne,  Charcot,  Erb, 
and  several  other  authors.  A  considerable  number,  however, 
are  original,  most  of  these  being  drawings  taken  by  Dr.  A.  H. 
Young  from  my  own  sections. 

I  have  to  express  my  obligations  to  several  of  my  colleagues 
at  the  Manchester  Royal  Infirmary  for  the  kindness  and 
courtesy  with  which  they  have  placed  cases  at  my  disposal, 
and  for  much  valuable  aid  during  the  progress  of  the  work 
through  the  press. 

In  common  with  all  other  medical  workers  in  Manchester,  I 
owe  to  Mr.  T.  Windsor  a  debt  of  gratitude  which  can  never  be 
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repaid ;  inasmuch  as,  with  but  a  small  annual  sum  at  his 
disposal  for  the  purchase  of  books,  he  has,  with  singular  energy 
and  life-long  devotion,  placed  within  reach  of  the  profession 
one  of  the  best  medical  libraries  of  reference  in  the  kingdom. 

I  have  already  mentioned  the  name  of  Dr.  A.  H.  Young, 
Pathological  Registrar  to  the  Manchester  Royal  Infirmary ;  my 
thanks  are  due  to  him  in  a  special  manner  not  only  for  his 
excellent  drawings,  but  also  for  much  valuable  assistance  in 
preparing  the  anatomical  part  of  the  work,  and  the  sections  on 
shock  and  concussion. 

I  am  indebted  to  Dr.  Lindemann  for  preparing  a  copiou.s 
index,  upon  which  he  has  expended  great  care  and  labour. 

My  chief  thanks,  however,  are  due  to  Dr.  Steell,  Resident 
Medical  OflScer  of  the  Manchester  Royal  Infirmary,  and  I  do 
not  know  how  to  express  them  adequately  without  appearing 
to  involve  him  in  a  joint  responsibility  not  only  for  what  there 
is  of  merit  in  the  work  but  for  its  many  shortcomings  also. 
He  has  carefully  assisted  me  in  correcting  all  the  proof-sheets, 
and  has  in  doing  this  subjected  the  entire  text  to  the  whole- 
some ordeal  of  a  severe  criticism,  whereby  the  work  has  gained 
largely  both  in  accuracy  of  statement  and  conciseness  of  style. 

It  was  my  intention  to  have  supplied  a  copious  bibliography, 
but  the  unexpected  size  which  the  work  has  attained  com- 
pelled me  to  abandon  this  idea.  I  have  had  to  content  myself 
with  giving  a  few  general  instructions  to  the  reader,  which 
will,  I  trust,  enable  him  to  find  without  much  difficulty  the 
works  and  papers  to  which  reference  is  made  in  the  text 
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CHAPTEE    L 


INTRODUCTION— THE    STRUCTURE    AND   FUNCTIONS 
OF    THE    NERVOUS    SVSTEM, 

BtFORE  entering  upon  the  consideration  of  the  nervous  system, 
I  may  be  permitted  to  make  a  few  remarks,  by  way  of  in- 
U(Hluction,  on  the  fundamental  properties  of  living  matter. 
Every  kind  of  living  matter  is  found  to  be  a  complex  combi- 
nation of  carbon,  hydrogen,  oxygen,  and  nitrogen,  and  some 
secondary,  but  still  essential,  constituents.  The  peculiarities 
of  the  substance  of  living  bodies,  therefore,  do  not  depend  on 
tie  existence  of  a  new  kind  of  matter,  but  on  new  combina- 
tions or  collocations  of  constituents  with  which  we  are  familiar 
"I  their  separate  states,  and  in  their  simpler  combinations. 

But  a  great  many  persons  cannot  bring  themselves  to  believe 
that  the  forces  which  produce  the  forms  and  actions  of  living 
beings  are  the  same  as  those  which  are  operative  in  the  in- 
<"gaaic  world.  Everyone  admits  that  certain  kinds  of  living 
"rtion,  such  as  the  motions  of  the  limbs  by  muscular  contrac- 
wn,  are  subject  to  mechanical  laws  ;  but  some  think  that  the 
more  recondite  processes,  such  as  muscular  contraction  itself, 
under  the  control  of  a  higher  principle.  An  attempt  has 
made  in  all  ages  to  formulate  this  conception.  Aristotle 
wed  the  existence  of  a  "  vegetative  soul "  to  account  for 
UTing  processes  and  actions.  Van  Helmont  called  the  principle 
"t  life  "  Archajus."  and  Stahl  called  it  "  Anima ; "  while  in 
|8iodem  times  these  ideas  have  been  superseded  by  the  con- 

tion  of  a  "  vital  force "  in  no  way  related  to  the  physical 
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But  science,  especially  in  its  objective  aspect,  cannot  recog- 
nise the  dualism  which  would  ascribe  some  living  actions  to 
mechanical  forces,  and  reserve  others  for  the  supervision  of 
another  force  which  is  in  no  way  related  to  the  former.  No 
living  action  or  process  has  ever  been  rescued  from  the  un- 
known to  the  known  except  by  the  application  to  it  of  the 
laws  of  inorganic  nature.  Life  does  not  introduce  us  to  a 
new  order  of  force,  but  to  new  combinations  or  collocations 
of  the  forces  which  have  already  become  more  or  less 
familiar  to  us  in  the  study  of  the  physical  and  chemical 
sciences.  In  one  word,  the  great  law  of  the  conservation  of 
energy  is  as  applicable  to  the  objective  study  of  living  beings 
as  to  that  of  any  part  of  the  universe  within  the  reach  of  our 
observation. 


I 
I 


I 


§  1.  Conservation  of  Energy. — Tlie  principle  of  the  conser- 
vation of  energy  asserts  that  force  is  neither  created  nor  annihi- 
lated, and  that  its  quantity  in  the  universe  is  as  unalterable 
as  the  quantity  of  matter.  The  different  forms  of  force  may 
be  transmuted  into  one  another ;  but  nothing  is  lost  in  the 
transfer.  Mechanical  force  may  pass  into  heat ;  but  by  suit- 
able arrangements  the  heat  may  be  reconverted  into  the 
original  amount  of  mechanical  momentum. 

This  is  not  the  place  to  enter  on  an  exposition  of  the  doc- 
trine of  the  conservation  of  energy,  but  I  may  be  allowed  to  ■ 
remind  the  reader  that  the  various  forms  of  force  are  on 
ultimate  analysis  reducible  to  two  kinds — namely,  attraction 
and  repulsion.  When  two  bodies  which  attract  each  other  are 
separated  by  a  space,  the  system  possesses  energy,  or  a  power 
of  performing  work.  If  they  are  prevented  by  an  external 
force  from  obeying  their  attractions  by  moving  towards  one 
another,  the  energy  of  the  system  is  potential ;  and  when  all 
hindrances  to  their  movement  towards  one  another  ai-e  re- 
moved, the  energy  becomes  actual,  dynamic,  or  kinetic.  Sub- 
stances which,  instead  of  attracting,  repel  each  other,  must 
be  pressed  towards  one  another  by  some  external  force  before 
the  system  can  possess  energy  ;  so  long  as  this  external  force 
prevents  the  two  repelling  bodies  from  moving  away  from 
one  another,  the  energy  is  potential ;  and  when  all  hindrances 
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to  the  free  action  of  tbeir  mutual  repulsions  are  removed,  the 
energy  becomes  kinetic.  The  force  which  removes  all  the  ob- 
stacles to  the  motion  of  attracting  bodies  towards  each  other,  or 
of  repelling  bodies  away  from  one  another,  and  which  thus 
converts  the  potential  into  kinetic  energy,  is  called  the  libera- 
ting or  discharging  force.  Two  other  terms  are  employed  in 
describing  the  transformations  of  energy,  which  it  is  well  to 
remember.  When  two  bodies  are  so  related  that  a  small 
liberating  force  renders  kinetic  their  potential  energy,  then  the 
system  is  said  to  be  in  a  position  of  uiistahle  equilibnum, 
and  when  the  system  either  possesses  no  potential  energy,  or 
i  when  a  relatively  large  liberating  force  must  be  applied  before 
its  potential  energy  can  be  rendered  kinetic,  it  is  said  to  be 
in  a  position  of  stable  cquilibriuvi.  As  a  familiar  instance 
of  unstable  equilibrium,  I  may  take  a  thin  book  from  my 
table,  and  place  it  on  end  on  the  floor.  A  slight  touch  at 
the  free  end  of  the  book  will  cause  its  centre  of  gravity  to 
project  beyond  its  base,  and  the  earth  and  the  book  will  then 
rush  towards  one  another — the  slight  touch  has  converted  the 
potential  into  kinetic  energy.  Now,  however,  when  the  book 
rests  on  its  side,  a  relatively  large  amount  of  external  force 
must  be  applied  to  it  before  it  can  give  out  any  actual 
energy;  the  earth  and  the  book  are  in  a  position  of  stable 
equilibrium  in  relation  to  one  another. 


§  2.  Fundamental  prapcrtlea  of  living  matter. — Let  us  now 
proceed  to  the  consideration  of  the  fundamental  properties  of 
living  matter.  The  most  casual  observation  must  convince 
anyone  that  organisms  are  not  an  aggregate  of  materials  heaped 
up  in  any  Csishion;  but  that,  however  diverse  may  be  their 
forms,  they  are  constructed  in  an  orderly  manner.  Now, 
suppose  that  an  intelligent  inhabitant  of  Central  Africa,  on 
visiting  this  country,  had  been  struck  with  the  utility  of  brick 
buildings,  and  wished  to  acquire  a  knowledge  of  their  mode 
of  construction,  what  would  be  the  best  means  of  imparting  the 
desired  infommtion  ?  We  should  show  him  that  the  house  is 
mably  composed  of  walls ;  that  each  wall,  and  each  part  of  a 
wall,  is  made  up  of  bricks.  Having  shown  that  the  unit  of 
composition,  or,  in   other  words,  the  structural   unit  of  the 
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bouse,  is  a  single  brick,  we  sbould  tben  direct  bim  to  make  a 
special  study  of  tbe  mode  of  formation  and  properties  of  tbe 
brick  ;  and  after  be  bad  mastered  tbe  details  of  brickmaking, 
be  could  tben  be  sbown  bow  brick  is  united  to  brick  to  form  a 
wall,  and  so  on,  until  he  was  taugbt  how  a  bouse  is  built.  In 
short,  in  order  usefully  to  study  such  a  simple  construction  as  a 
brick  bouse,  there  must  first  be  either  a  real  or  an  ideal  breaking 
down  of  the  building  into  its  constituents,  and  tben  either  a 
real  or  an  ideal  putting  together  of  the  constituents  to  form  tbe 
building.  Analysis  and  synthesis  are  both  necessary,  but  tbe 
former  ought  to  precede  tbe  latter. 

If  we  subject  organisms,  in  tbe  first  place,  to  ideal  analysis, 
we  shall  find  that  each  is  composed  of  certain  mechanisms  or 
organs;  and  that  each  organ  is  composed  of  certain  definite 
arrangements  of  tissues ;  and,  finally,  that  each  tissue  is  com- 
posed of  structural  units,  which,  for  the  sake  of  illustration, 
we  may  call  '  organic  bricks.'  To  make  a  real  analysis  of  a 
living  organism  is  a  much  more  difficult  matter  than  to  make  a 
similar  analysis  of  a  brick  building,  since  tbe  living  properties 
of  the  structural  unit  which  we  wish  to  study  generally  escape 
us  in  tbe  act  of  making  the  analysis.  But,  fortunately,  even  in 
the  higher  organisms  there  are  some  units — such  as  the  white 
blood-corpuscles — which  can  be  kept  alive  for  some  time  after 
detachment  from  tbe  parent  organism,  and  in  which  tbe  funda- 
mental properties  of  the  structural  unit  may  be  usefully  studied. 
We  generally,  however,  avail  ourselves  of  the  analysis  which 
nature  has  made  ready  to  our  hands.  It  is  not  possible  to 
build  a  bouse  with  a  single  clay  brick ;  but  it  is  possible  for  a 
single  organic  br^ck  to  constitute  a  complete  living  individual 
Tbe  lowest  living  organisms — if  indeed  they  are  entitled  to  be 
called  organisms,  since  they  do  not  possess  real  organisation — 
are  mere  specks  of  albuminoid  matter,  tbe  protoplasm  of 
biologists,  and  correspond  to  tbe  structural  units  of  the  higher 
organisms.  It  is  by  the  study  of  these  lowly  organisms  that 
we  must  expect  to  ascertain  the  fundamental  properties  of 
living  matter. 

Amongst  these  primordial  organisms,  probably  the  best 
adapted  for  the  study  of  tbe  fundamental  properties  of  life  are 
the  amoebae,  both  on  account  of  their  simplicity  and  of  their 
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similarity  to  the  white  corpuscles  of  vertebrate  blood.  There 
are  several  kinds  of  these,  but  all  of  them  may  be  arranged 
under  three  leading  orders  : — 

1(1)  Organisms  consisting  of  a  simple  speck  of  protoplasm, 
such  as  the  Protamoiba  primitiva  found  by  Hajckel 
in  fresh  water. 
(2)  Organisms  more  or  less  similar  to  the  above,  but  posaess- 
■  ing  a  distinct  nucleus. 
(3)  Similar  organisms,  exhibiting,  along  with  the  granular 
protoplasmic  interior  or  endosarc,  a  more  solid  external 
layer  or  ectosarc.     The  external  layer,  instead  of  being 
I  a  membrane,  is  sometimes  represented  by  a  shell ;  but 

I         the  former,  owing  to  its  similarity  to  the  membrane 
I  surrounding  the  cells  which  form  the  tissues  of  the 

'  higher  organisms,  is  of  more  importance  to  us. 

This  classification  shows  that  the  protoplasm  is  the  funda- 
mental  substance,  without  which  no  organism  can  exist,  and 
that  the  other  constituents  found  in  the  unit  are  mere  speciali- 
sations of  this  fundamental  substance.  A  knowledge  of  the 
primary  properties  of  life  will,  therefore,  be  best  gained  by  the 
study  of  the  first  order  of  unit. 

§  3.  Protoplasm. — If    one    of    these    lowly    organisms    be 

bed,  it  is  seen  to  tlirow  out  processes  of  its  substance,  and 

a  to  retract  them — changes  which  are  accompanied  by  a  flux 

and  reflux  of  its  granular  substance, — and  it  is  able  by  tins 

means  to  perform  a  certain  amount  of  locomotiou.   The  amceba 

is  contnictile. 

Amceboid  movements  occur  under  two  conditions.  In  the 
first  place,  contact  with  foreign  bodies,  and  chemical  and  elec- 
trical agents,  call  forth  tbe.se  movements.  These  disturbing 
causes  act  as  liberating  forces  in  rendering  kinetic  the  energy 
potential  in  the  protoplasm  ;  and,  as  is  usual  in  such  cases,  the 
energy  set  free  is  out  of  all  proportion  to  the  cause  which  deter- 
mines the  transformation.  A  disturbing  force  which  determines 
a  discharge  of  energy  in  living  matter  is  called  a  atimulua. 
In  the  araa3ba,  the  application  of  a  stimulus  leads  to  movement, 
but  in  some  cases  the  energy  set  free  by  the  discharge  assumes 
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the  form,  not  of  contraction,  but  of  beat.  We  want,  therefore, 
a  generic  term  to  express  tbe  fact  that  when  living  matter  is 
acted  on  by  a  stimulus  there  is  an  active  development  of 
energy,  whatever  the  fomi  the  energy  assumes.  The  term 
employed  for  this  purpose  is  irritahility,  and  a  tissue  which 
responds  to  a  stimulus  by  an  expenditure  of  energy  is  said  to  be 
itTitohle.  Irritability,  therefore,  is  the  genus,  of  which  con- 
tractility is  the  most  important  species ;  the  former  is,  but  tbe 
latter  is  not,  co-extensive  with  life. 

But  in  the  second  place,  the  movements  of  tbe  amoeba  cannot 
always  be  referred  to  the  action  of  external  stimuli ;  the  energy 
is  frequently  set  free  in  consequence  of  internal  changes,  and 
the  movements  are  then  called  spontaneous  or  automatic. 
It  may  therefore  be  said  that  protoplasm  is  imtable  and 
automatic. 

We  have  already  seen  that  when  there  is  an  expenditure  of  _ 
energy,  matter  has  fallen  from  a  relatively  unstable  to  a  rela-  f 
tively  stable  position,  in  which  it  possesses  a  comparatively 
small  amount  of  energy  or  none.  And  if  no  counterbalancing 
actions  were  proceeding,  the  store  of  energy  in  the  substance  of 
tbe  amoeba  would  soon  be  exhausted ;  and,  indeed,  this  store 
may  be  exhausted  at  one  stroke  by  the  application  of  a  powerful 
stimulus.  This  action  may  be  very  readily  watched  with  an 
organism  closely  allied  to  the  amoeba — the  Protococcus  pluvialis. 
If,  white  watching  its  movements  under  the  microscope,  a  drop 
of  dilute  alcohol,  or  a  weak  solution  of  quinine  or  strychnine,  be 
placed  at  tbe  edge  of  the  cover-glass,  when  the  chemical  agent  ■ 
makes  its  way  to  tbe  organism  its  ordinary  movements  give 
place  to  one  or  two  violent  contractions,  which  are  followed  by 
quiescenca  In  this  condition  no  further  stimulation  will  evoke 
movements;  the  protoplasm  baa  lost  its  irritability.  There 
is  one  violent  explosion  of  energy,  ending  in  complete 
expenditure  of  the  stock.  In  this  case  the  expenditure  is 
followed  by  permanent  loss  of  irritability,  or  death,  probably 
because  the  chemical  stimulus  continues  to  act  upon  it;  but 
when  the  action  of  the  stimulus  is  temporary,  as  with  an  elec- 
tric Btimxilus,  the  loss  of  irritability  induced  may  be  followed 
by  gradual  restoration.  But,  whether  the  loss  of  irritability  be 
temporary  or  permanent,  when  it  is  caused  by  the  sudden  appli- 
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cation  of  a  violent  stimulus  the  effect  is  called  shMk.  The 
loss  of  irritability  may  also  be  caused  by  the  prolonged  applica- 
tion of  a  moderate  stimulus,  if  the  conditions  necessary  to  the 
acquirement  of  a  new  stock  of  irritable  matter  are  prevented. 
Under  these  circumstances  the  state  is  called  exfutustion. 

The  allusion  just  made  to  the  absorption  by  the  protopla.sm 
of  the  amoeba  of  a  new  stock  of  energy  leads  us  to  the  con- 
sideration of  a  second  group  of  fundamental  properties  of  living 
matter.  Certain  substances  serving  as  food,  when  received  into 
its  body,  are  manufactured  into  new  protoplasm.  This  process 
is  called  asaimilation.  The  protoplasm,  however,  is  continually 
undergoing  chemical  change  (metabolism) ;  the  old  protoplasm 
is  broken  up,  and  the  products  of  disintegration  are  cast  out  of 
the  body  as  ej-.cretions.  This  process  is  termed  diaaashnilation. 
Some  of  the  products,  however,  are  probably  retained  within 
the  body  for  a  time,  and  used  in  the  solution  and  preliminary 
changes  of  the  raw  food,  and  these  are  termed  secretioiis. 

But  all  the  protoplasm  formed  by  an  amoaba  is  not  imme- 
diately disintegrated ;  some  of  it  is  added  to  its  substance,  con- 
stituting growth. 


§  4.  Nucleus. — When  the  amoeba  attains  a  certain  size,  it 
generally  resolves  itself  by  fission,  or  by  other  means,  into  two 
or  more  parts,  each  of  which  is  capable  of  living  as  a  new  indi- 
vidual, which  passes  through  phases  of  life  similar  to  those 
of  the  parent  from  which  it  is  derived.  This  process,  then 
represents  the  first  beginnings  of  two  great  living  functions — 
reproduction  and  inheritance.  So  far  we  have  spoken  of  the 
protopl.-um  as  being  the  fundamental  agent  which  exhibits  all  the 
prupenieB  of  life,  and  there  can  be  little  doubt  that  it  exhibits 
Hihe  great  functions  at  present  under  consideration.  When,  how- 
^■BTer,  the  protoplasm  becomes  so  far  differentiated  as  to  possess 
Vm  nucleus,  the  latter  constituent  appears  to  preside  in  a  peculiar 
toanner  over  the  functions  of  reproduction  and  inheritance.  In 
the  second  order  of  amoebie  the  nucleus  is  seen  to  divide  into 
two  or  more  parts  prior  to  the  fission  of  the  protoplasm.  When 
these  units,  instead  of  parting  company  and  each  leading  a 
aeparate  life  of  its  own,  aggregate  so  as  to  form  a  compound 
organism  or  a  compound  tissue,  this  process  of  fission  subserves 
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the  great  function  of  growth,  since  the  organism  or  tissue  grow»^ 
not  so  much  by  increase  iu  the  size,  as  by  multiplication  in  the 
number  of  units. 

§  5.  Cell-Memhrane. — ^Two  of  the  constituents  of  the  unit ! 
have  been  passed  in  review.  The  nucleus,  being  of  denser j 
consistence  than  the  protoplasm,  and  presiding,  as  we  haTel 
supposed  it  to  do,  over  the  great  functions  of  reproduction  and] 
inheritance,  tends  to  make  the  offspring  like  the  parents.  The 
protoplasm,  on  the  other  hand,  being  of  a  semi-fluid  consistence,  ^ 
and  adapting  itself,  as  it  does,  to  different  circumstances  byfl 
changes  of  form,  tends  to  introduce  variety,  and  to  make 
the  progeny  imlike  the  parents.  But  this  power  of  adaptation, 
although  very  varied  in  degree,  is  only  of  one  kind — namely, 
contraction  of  the  protoplasm ;  and  the  fact  that  a  stimulus 
produces  a  contraction  at  one  time  does  not  enable  the  proto- 
plasm to  respond  better  to  a  similar  stimulus  a  second  time. 
So  far  there  is  no  principle  of  improvement  or  progress.  Under 
these  circumstances  we  turn  to  the  third  constituent  of  the 
unit,  namely,  the  cell-membrauo.  The  membrane  in  the  first 
instance  limits  to  a  large  extent  the  degrees  of  adaptation  of 
the  protoplasm.  Being  of  denser  consistence,  it  offers  greater 
passive  resistance  to  external  forces,  and  the  flow  of  nourish- 
ment towards  the  interior  is  retarded,  so  that  the  amount  of 
irritable  matter  at  the  disposal  of  the  organism  is  diminished. 
The  powers  of  the  organism  are  thus  greatly  limited  by  the 
membrane.  But  if  the  membrane  diminishes  the  degrees,  it 
increases  the  kinds  of  adaptation.  The  increased  density  of 
the  ectosarc  enables  it  to  offer  a  certain  amount  of  passive 
resistance  to  external  forces,  and  the  endosarc  is  therefore  more 
free  to  expend  its  energies  in  internal  action.  And  although 
the  membrane  is  not  an  active  agent  iu  producing  adaptations, 
it  tends  to  fix  and  perpetuate  those  adaptations  which  are 
frequently  repeated,  and  in  the  compound  organisms  thus  makes 
possible  progressive  improvement  through  successive  modifi- 
cations. 

§  6.  Cell-Contents. — Besides  the   protoplasm  and   nucleus, 
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Other  substances  are  found  enclosed  in  the  cell-membrane, 
technically  called  cell-contents.  Sometimes  the  cell  contents 
are  fluid,  and  then  generally  belong  to  the  secretions  or  excre- 
tions already  mentioned.  Generally,  however,  they  are  solid, 
such  as  inorganic  crystals,  organic  concretions  like  starch  cor- 
puscles, fat  granules,  chlorophyl,  ha-moglobin,  and  various 
pigmentary  granules.  Some  of  these,  as  starch  and  fat,  are 
stores  of  potential  energy ;  chloropliyl  and  hsemoglobin  appear 
to  be  subservient  to  the  respiratory  function,  while  the  accu- 
mulation of  pigment  has  obscure  relations  to  other  special 
^  functions. 

H  §  7.  Assimilation  and  Disagsimilation. — The  two  most 
^■fuDdamental  processes  of  life,  then,  are  assimilation,  or  the 
^^|Mrooew  by  which  irritable  matter  is  formed  and  energy  ren- 
dered potential ;  and  disassimiiation,  or  that  by  which  the 
irritable  matter  is  broken  up  and  energy  rendered  kinetic. 
These  processes  underlie  and  render  possible  the  other  processes 
of  life.  When  assimilation  is  in  excess  of  disassimiiation — or, 
in  more  general  terms,  when  integration  is  in  excess  of  disinte- 
gration— growth  takes  place;  and  when  growth  proceeds  to  a 
certain  extent,  a  portion  of  the  material  is  given  away  for  the 
production  of  a  new  individual.     On  the  other  hand,  the  energy 

k  rendered  active  during  the  disintegration  of  the  irritable  matter 
is  chiefly  applied  in  those  lower  organisms  to  the  execution 
of  movements,  and,  to  some  small  extent,  to  the  production 

■  of  heat.  All  these  functions,  then,  aid  each  other  in  the 
preservation  of  the  individual  and  of  the  race.  Were  that 
addition  to  the  bulk  of  the  organism  which  constitutes  growth 
to  cease,  reproduction  would  soon  become  impossible,  since,  in 
the  absence  of  the  former,  the  process  of  fission,  which  is  the 
easential  factor  of  the  latter,  would  soon  diminish  the  size  of 
the  organism  to  a  point  incompatible  with  life ;  and  that  growth 
[could  not  proceed  far  without  reproduction  is  too  manifest  to 
I  require  pointing  out.  These  functions  are  in  their  turn  depen- 
I  dent  on  the  contractile  power  of  the  protoplasm,  since  without 
the  latter  property  the  circulation  of  materials  which  is  neces- 
sary to  life  would  cease. 


STRUCTURE  AND  FPNCTIONS 


§  8.  Antagonism  between  Groiuth,  Repwdxiction,  and 
Action. — But  although  the  growth,  reproduction,  and  motor 
functions  of  these  simple  organisms  aid  each  other  in  the  main- 
tenance of  the  organism,  there  are  also  fundamental  anta- 
gonisms between  them.  Whenever  multiplication  occurs,  it 
is  clear  that  the  parent  individual  must  part  with  a  certain 
amount  of  material,  and  that  its  bulk  must  be  diminished  by 
the  bulk  of  the  matter  given  away.  Nutriment  may  be  applied 
either  to  the  growth  of  the  parent  or  to  the  production  of  one 
or  more  new  individuals ;  but  it  cannot  at  one  and  the  same 
time  be  applied  to  both  purposes.  Every  bit  of  material  given 
away  to  form  a  new  unit  is  a  deduction  from  the  size  of  the 
parent ;  and  when  the  latter  frequently  parts  with  material  for 
the  production  of  progeny,  its  size  is  diminished  in  a  corre- 
sponding degree ;  in  other  words,  rapid  reproduction  is  accom-  U 
panied  by  units  of  small  size.  Again,  an  organism  may  ™ 
use  its  nutriment  in  executing  movements ;  and  when  move- 
ments are  executed,  the  nutriment  must  be  transformed,  just  ■ 
as  coal  must  be  transformed  in  order  to  put  our  locomotives 
in  motion ;  and  when  it  is  transformed,  it  can  neither  be 
added  to  the  size  of  the  parent,  nor  devoted  to  the  production 
of  a  new  individual.  A  fresh  supply  of  coal  may  be  disposed 
of  in  several  ways :  it  may  be  added  to  the  previous  stock, 
given  away,  or  burnt ;  but  it  cannot  at  one  and  the  same  time 
be  stocked,  given  away,  and  burnt.  And  so  it  is  with  respect  to 
the  disposal  of  nourishment  by  protoplasm  :  it  can  be  applied 
to  increase  the  size  of  the  organism,  to  its  multiplication,  or  to 
the  execution  of  movements ;  but  so  much  of  it  as  is  applied 
in  one  direction  cannot  be  applied  in  either  of  the  other 
directions. 

Once  more :  when  the  protoplasm  is  surrounded  by  a  dense 
membrane,  the  flow  of  nourishment  into  it  is  much  retarded ; 
and  as  an  orgtmism  can  ueither  expend,  nor  add  to  its  bulk, 
nor  give  away  what  it  does  not  receive,  one  surrounded 
by  a  dense  membrane  (or  shell)  can  neither  move  actively,  nor 
increase  rapidly  in  size,  nor  multiply  quickly.  The  membrane 
gives  form,  and  fixity,  and  permanence,  and  resisting  power  to 
the  protoplasm  ;  but  these  properties  are  gained  at  the  expense 
of  the  motor  functions,  growth,  and  reproduction.     There  is,  in 
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short,  a  mutual  antagonism  between  each  and  all  of  these 
functions,  so  that  increase  of  activity  in  one  direction  involves 
decrease  of  activity  in  the  other  directions. 

In  the  construction  of  the  higher  animals,  the  units,  instead 
of  parting  company,  and  each  living  an  independent  existence, 
aggregate,  and  every  new  unit  formed  becomes  incorporated 
with  the  general  mass.  But  a  simple  aggregation  of  living 
units  having  similar  properties  would  not  confer  any  advan- 
tages on  the  organism ;  while  the  units  themselves  would 
greatly  lose  by  the  fact  of  their  contact.  One  eflfect  of  the 
contact  is  that  the  surfaces  exposed  to  the  environment,  and 
through  which  food  can  be  absorbed,  are  greatly  diminished, 
and  their  opportunities  of  obtaining  food  when  associated  are 
less  than  when  each  unit  is  free.  When,  therefore,  we  see  an 
organism  of  considerable  dimension.s,  we  may  be  quite  sure 
that  the  units  have,  by  the  very  fact  of  their  association,  gained 
adrantages  in  certain  directions,  even  if  these  are  counter- 
balanced by  losses  in  other  directions. 


§  9.  Antagonism,  behueen  tfie  Size  of  Units  and  Absorption 
of  Jfoui-ishtnejit. — It  has  just  been  stated  that  both  the  pre- 
sence of  a  dense  cell-membrane,  and  the  association  of  units  to 
fijrm  aja  aggregate,  must  retard  the  exchanges  of  material  that 
are  constantly  taking  place  between  the  substance  of  living  cells 
and  the  surrounding  substances  which  are  utilised  by  them  as 
food ;  and  it  may  now  be  remarked  that  simple  increase  in  the 
size  of  the  units  must  necessarily  have  a  similar  effect.  That  an 
increase  in  the  size  of  a  cell  is  followed  by  a  relative  diminution 
of  material  exchanges  is  readily  proved  by  the  fact  that  the 
sarface  which  a  large  cell  presents  for  the  absorption  of  nourish- 
ment does  not  increase  in  a  degree  proportionate  with  its  bulk. 
The  mass  of  a  body  increases  as  the  cube,  while  the  surface  only 
tacreases  as  a  square,  of  the  dimensions.  When,  for  instance, 
a  cell  has  doubled  its  dimensions  its  mass  is  eight  times,  while 
its  surface  is  only  four  times,  the  original  size.  It  is  evident, 
therefore,  that  a  small  cell  presents,  in  proportion  to  its  bulk,  a 
larger  surface  to  its  environment  for  the  absorption  of  nourish- 
ment than  a  large  cell,  and  conse<iuently  material  exchanges 
take  place  more  readily  in  the  former  than  in  the  latter.     It  is 
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not  very  easy  to  find  inductive  evidence  illustrative  of  tbis  law, 
inasniucb  as  increase  in  the  size  of  the  cell  is  usually  associated 
with  increase  in  tlie  density  of  its  cell  wall ;  so  that  it  is  not 
possible  to  determine  how  much  of  the  diminution  of  the  mate- 
rial exchanges  is  to  be  attributed  to  each  factor.  The  white 
blood-corpuscles  are  of  small  size,  and  they  are  placed  in  the 
most  favourable  circumstances  for  obtaining  food,  inasmuch  as 
their  surfaces  are  bathed  in  a  highly  nutrient  fluid ;  while  large 
cartilage  cells  are,  on  the  other  hand,  always  placed  in  the  most 
unfavourable  circumstances  for  obtaining  nourishment,  iuas- 
much  as  they  are  removed  to  a  considerable  distance  from  the  B 
vessels  by  whicli  they  .are  supplied  with  nutrient  fluid.  But 
during  health  the  supply  of  nourishment  to  the  tissues  must  be 
proportionate  to  the  demand ;  hence  it  may  be  inferred  that 
rapid  material  exchanges  take  place  in  the  former,  and  that  the 
exchanges  in  the  latter  are  very  slow.  It  is  impossible,  however,  _ 
to  determine  how  much  of  the  diflference  in  the  nutritive  activi-  f 
ties  of  the  two  units  is  to  be  attributed  to  the  difference  in 
their  sizes,  and  how  much  to  the  absence  of  a  cell  wall  in  the 
case  of  the  white  corpuscles  and  the  presence  of  a  dense  inter- 
cellular substance  in  the  case  of  cartilage  cells.  It  is  worthy  of 
remark,  however,  that  in  articular  cartilage  the  smaller  and 
embryonic  cells  are  found  nearer  the  blood-vessels  than  the 
larger  and  older  cells;  and  there  can  be  little  doubt  that  a 
similar  relationship  exists  between  the  blood-vessels  and  em- 
bryonic cells  in  other  tissues. 

§  10.  Different iiU ion  of  Striuiture  and  Specinliaation  of 
Fitnction. — In  social  organisms  growth  is  rendered  possible  by 
the  specialisation  of  function  which  is  denominated  "division  of 
labour ; "  and  the  formation  of  a  society  of  living  units  renders 
possible  a  similar  specialisation  of  function  which  has  been 
aptly  named  "  a  physiological  division  of  labour."  This  "  divi- 
sion of  labour"  does  not  introduce  us  to  a  new  property  of 
protopliism,  but  merely  to  a  new  principle,  whereby  the  pro- 
perties with  which  we  are  already  familiar  may  be  combined  in 
various  ways.  Certain  groups  of  the  constituent  units  become 
adapted  for  the  manifestation  of  one  or  a  few  only  of  the 
fundamental  properties  of  protoplasm,  to  the  complete  sub- 
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ordiaatioD  of  the  other  properties.  This  can  be  done  with 
advantage  to  the  organism  only  on  condition  that  other  groups 
of  units  become  adapted  for  the  manifestation  of  the  properties 
which  have  become  subordinate  in  the  first  group.  In  the 
higher  organisms  one  group  of  units  becomes  pre-eminently 
contractile ;  a  second  pre-eminently  irritable  and  automatic ; 
other  groups  become  respectively  secretory,  excretory,  respira- 
tory, and  metabolic ;  while  another  group  becomes  specially 
adapted  for  reproduction;  and  a  final  group  possesses  only  a 
passive  or  mechanical  function. 

"  The  physiological  division  of  labour "  has  for  its  morpho- 
logical correlative  "  differentiation  of  structure ; "  and  the 
groups  of  units  which  assume  special  functions,  correspond  to 
the  various  tissues.  In  the  formation  of  the  tissues  the  cell- 
membrane  assumes  great  importance.  It  is  evident  that  if 
the  units  of  the  tissues  of  a  compound  organism  were  entirely 
composed  of  the  semi-fluid  substance  termed  protoplasm,  they 
would  not  have  sufficient  tenacity  to  stick  together.  In  the 
formation  of  structure,  therefore,  the  units  must  be  surrounded 
by  a  membrane ;  and  when  the  membranes  of  adjoining  units 
become  amalgamated,  they  are  called  intercellular  substance. 

The  disposition  of  the  membrane  or  of  the  intercellular  sub- 
stance, and  the  relative  amounts  of  the  different  constituents 
of  the  unit,  must  vary  according  to  the  function  of  the  tissue. 
When  the  function  of  a  tissue  is  of  a  passive  nature — such  as 
that  of  cartilage — a  relatively  large  amount  of  intercellular 
substance  is  present ;  and  if,  in  addition,  the  tissue  requires 
rigidity,  the  intercellular  substance  is  strengthened  by  the  de- 
position of  other  materials,  such  as  carbonate  and  phosphatt-  of 
lime  in  bone.  VV^hen,  on  the  other  hand,  the  tissue  is  actively 
growing,  the  proportion  of  intercellular  substance  to  protoplasm 
is  small,  as  in  granulation  tissue ;  and  when  the  units  multiply 
rapidly,  the  intercellular  substance  disappears,  the  nucleus 
becomes  conspicuous,  and  the  tissue  breaks  up  into  sepamte 
units,  as  in  pus.  We  also  meet  with  independent  units,  without 
membrane,  in  the  white  corpuscles  of  the  blood,  whose  functions 
'  appear  to  be  of  a  metabolic,  and  therefore  of  an  elementary, 
character.  When  material  is  stored  up  in  the  tissue  for  future 
use,  then  the  cell-contents  come  into  prominence.    The  tissues 
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which  perform  active  functions,  as  muscle  and  nerve,  must  be 
composed  of  a  due  admixture  of  membrane  and  protoplasm. 
The  transformation  of  the  protoplasm  supplies  the  motor  force; 
and  the  disposition  of  the  membrane  gives  fixity  to  the  arrange- 
ments, and  determines  the  direction  in  which  the  energy  is 
expended.  The  burning  of  coal  in  our  furnaces  supplies  the 
power  which  moves  our  factories ;  but  the  structural  arrange- 
ments of  the  machinery  determine  whether  the  factory  shall 
be  adapted  for  weaving  or  spinning,  or  for  the  manufacture  of 
wool,  cotton,  or  silk.  And  as  the  structural  arrangements 
determine  the  functions  of  the  factory,  so  it  is  with  living 
tissues.  The  active  tissues  must  therefore  have  a  much  more 
elaborate  arrangement  of  the  intercellular  substance  than  the 
passive  tissues,  so  that  the  energy  given  out  by  the  transfor- 
mation of  their  protoplasm  may  be  directed  to  definite  ends; 
and  while  the  intercellular  substance  must  be  sufficiently  dense 
to  g^ve  fixity  to  the  arrangements,  it  must  not  be  so  dense  as 
greatly  to  retard  the  flow  of  nourishment  from  the  blood  to 
the  protoplasm  :  otherwise  the  function  of  the  tissue  would  be 
diminished  as  surely  as  a  scanty  supply  of  coal  would  diminish 
the  work  of  the  factory.  It  will  be  readily  understood,  from 
the  antagonism  between  reproduction  aud  active  expenditure 
of  energy,  that  a  tissue  which  is  performing  an  active  function 
cannot  have  its  units  multiplying  rapidly ;  and  if  from  any 
cause  these  units  begin  to  multiply,  the  capacity  of  the  tissue 
for  the  display  of  function  will  become  impaired. 


§  11.  Intefjration  of  Structure. — In  the  formation  of  the 
higher  organisms,  the  process  of  differentiation  which  ends  in  the 
formation  of  the  tissues  must  be  accompanied  at  every  step  by 
corresponding  integration,  whereby  the  tissues  become  united  to 
form  mechanisms  or  organs.  Each  organ  is  built  up  of  a  com- 
bination of  tissues,  and  this  is  especially  true  of  those  organs 
which  perform  active  functions.  The  fundamental  tissue  of 
each  organ  corresponds  to  its  main  function  ;  but  it  is  packed 
together  to  form  an  organ  by  means  of  a  passive  tissue. 

Simultaneously  with  the  integration  of  the  tissues  to  form 
organs,  there  goes  on  a  corresponding  integration  of  organs  to 
form  the  individual.     Some  of  these  organs  are  devoted  to  the 
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accumulation  and  elaboration  of  nutriment;  others  to  its 
absorption  and  distribution;  and  others  to  the  active  expendi- 
ture of  the  nourishment,  as  in  animal  locomotion, — and  this 
necessitates  the  formation  of  other  arrangements  for  the 
removal  of  waste  materials  ;  and  liistly,  the  integration  is 
completed  by  the  various  tissues  and  organs  being  brought 
into  close  connexion  under  a  central  regulative  organ,  by 
means  of  which  the  various  actions  of  the  individual  are  duly 
oo-ordinated. 


Hfure 
"cons 


I 
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§  12.  Passage  from  the  general  to  (he  special  in  both  struc- 
and  function. — We  have  seen  that,  when  an  organism 
consists  of  an  aggregation  of  units  without  any  definite  arrange- 
ments, each  part  is  able  to  perform  all  the  vital  functions. 
Each  part  is  irritable,  automatic,  contractile,  metabolic,  excre- 
tory and  reproductive;  and  it  is  only  as  fast  as  this  originally 
uniform  tissue  becomes  differentiated  that  each  part  acquires 
the  power  of  performing  more  perfectly  a  few  functions,  and 
ultimately  one  special  function,  while  losing  to  a  greater  or  less 
extent  the  power  of  performing  the  general  functions.  The 
expanded  tentacle  of  a  zoophyte,  on  being  touched,  immediately 
cootracts,  and  after  a  time  it  expands,  apparently  from  its  own 
inherent  activity.  The  same  tissue  is  sensitive  to  external 
impressions  or  irritable,  as  well  as  automatic  and  contractile. 
Of  essentially  the  same  nature  appears  to  be  the  mechanism 
ccmcerned  in  the  movements  of  the  leaves  of  carnivorous  plants : 
tht;  tissue  which  receives  the  impression  also  closes  the  leaves 
by  its  contraction,  and  after  a  time  expands  them  by  its  own 
inherent  activity.  Such  actions  foreshadow  the  functions 
of  nervous  tissues,  but  they  fall  short  of  true  neivous  action. 
In  Hydra  the  internal  end  of  an  ectodermic  cell  is  prolonged 
into  a  process,  which  assumes  the  contractile  function ;  while 
the  external  end  of  the  cell  becomes  specially  sensitive  to 
xtemal  impre«>sious .  The  internal  end  being  shielded 
from  external  influences,  lends  to  contract  only  when  it 
receives  a  stimulus  through  the  external  end ;  and  the  latter 
always  tends  to  lose  its  contractile  property,  the  more  its 
exposed  position  requires  it  to  determine  when  the  former 
aball  be  made  to  contract.  In  other  words,  the  internal 
c 
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end  performs  the  work,  while  the  external  determines 
when  the  work  shall  be  done :  the  one  is  operative,  the  other 
regidative. 

This  differentiation  of  structure  is  carried  still  further  in 
Beroe,  where  the  internal  and  external  ends  of  the  ectodermic 
cell  are  represented  by  two  different  cells  connected  by  a  thin 
fibre.  The  changes  set  up  in  the  external  or  sensitive  cell  are 
conducted  through  the  fibre  to  the  internal  cell,  which  it  excites 
to  contract  This  new  arrangement  of  fibre  introduces  us  to 
a  new  special  function.  A  part  of  the  tissue  is  set  apart  for 
conveying  waves  of  disturbance  from  the  sensitive  cell  to  the 
work  cell.  By  this  means  a  molecular  motion  on  the  surface 
is  followed  by  a  molar  motion  in  the  interior,  the  two  being 
at  some  distance  from  each  other,  and  co-ordinated  by  the 
interuuncial  function  of  the  fibre.  The  next  step  of  develop- 
ment consists  in  the  differentiation  of  the  external  or  sensitive 
cell  into  two  cells ;  the  one  of  which  becomes  specialised  for 
responding  to  external  stimulation  alone,  and  the  other  for 
automatic  action.  The  latter  will  perform  its  functions  best 
by  being  shielded  from  external  influences,  aud  it  will  therefore 
be  withdrawn  from  the  surfuce  of  the  body  ;  while  the  former 
will  retain  its  superficial  position  iu  order  that  it  may  respond 
the  better  to  external  changes ;  and  each  of  these,  by  being 
relieved  of  one  kind  of  action,  wilt  perform  more  efficiently 
the  action  or  actions  it  retains.  The  fibre  which  originally 
counected  the  ectodermic  cell  and  the  contractile  process  now 
connects  the  latter  with  the  automatic  cell ;  and  a  new  fibre 
is  required  to  connect  the  automatic  with  the  sensitive  cell. 
The  automatic  cell  is  a  centre  to  which  disturbances  originating 
in  the  sensory  cell  are  conveyed,  and  from  which  issue  impulses 
to  the  work-organs;  hence  the  fibre  which  connects  it  with 
the  sensory  cell  is  rightly  called  the  afferent,  and  that 
uniting  it  with  the  work-organs  the  efferent  fibre.  The 
automatic  cell  is  at  present  represented  as  being  engaged, 
both  in  spontaneous  action  and  in  modifying  afferent  impulses 
previous  to  their  being  passed  on  to  the  efferent  fibres.  But 
the  central  cell  becomes  by-and-by  differentiated  into  two  cells, 
the  one  of  which  is  restricted  mainly  to  automatic  action,  aud 
the  other  to  the  co-ordination  of  afferent  impulses  previous  to 
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their  conversion  into  the  outgoing  discharge.     The  latter  con- 
stitutes what  is  calleU  reflex  action. 

The  fundamental  fact,  however,  which  concerns  us  at  present, 
is  that  the  active  elements  of  which  the  nervous  tissues  are  com- 
posed consist  of  cclh  a.v\d  fibres.  We  must  now  glance  rapidly 
att  the  more  important  properties  of  these  cells  and  fibres. 


§  H  Oanglion-Cells. — The  ganglion-cells  possess  granular 
coDieuts,  and  a  vesicular  nucleus  with  a  nucleolus.  They  vary 
much  in  size  and  form. 

(1)  Ajwlar  Gamjlion-Cells. — Some  of  the  cells  are  small, 
generally  spherical  or  ovoid,  and  have  a  regular  uninterrupted 

Kutline.  These  cells  are  also  called  apolar,  from  the  fact  that 
hey  do  not  possess  any  processes.  It  is  probable  that  the 
uajority  of  such  cells  are  embryonic  forms. 
(2)  Caiulate  Ganglion-Cells. — Other  ganglion-cells  are  much 
irger  than  those  just  described.  They  possess  a  definite  cell-wall, 
and  have  one,  two,  or  more  long  processes  issuing  from  them. 
These  cells  are  called  stellate,  or  caudate  ganglion-cells  {Fig.  1 , 1), 
according  to  their  form,  and  unipolar,  bipolar,  or  multipolar 
according  to  the  number  of  their  processes.  Each  cell  possesses 
B  huge  oval  nucleus,  situated  near  its  centre.  The  nucleus  is 
composed  of  a  well-defined  membrane  and  an  intranuclear  net- 
work, and  its  centre  is  occupied  by  a  highly  refractive  nucleolus. 
The  body  of  the  cell  is  composed  of  numerous  minute  fibrils, 
which  are  connected  with  each  other  in  a  network. 

(3)  PriMxsses. — The  processes  of  the  ganglion-cells  are  of  two 
I  kinds — branched  (Fig.  1, 1  y)  and  unbranched  {Fig.  1, 1 «).  The 
former  are,  like  the  body  of  the  ganglion -cells,  composed  of 
fibrils  which  run  in  a  longitudinal  direction,  and  pass  in  a  fan- 
Uke  manner  from  the  processes  into  the  body  of  the  cell.  These 
ptoeeaaea  divide  and  subdivide  dichotomously,  so  as  to  form  a 
MtWork  of  fine  filaments  {Fig.  1,  I  y).  The  unbranched  pro- 
tOMt  are  pale  and  finely  striated  bands,  which  represent  and 
It  continunus  with  the  axis-cylinder  of  the  meduliated  nerve- 
fibrei  The  unbranched  or  axis-cylinder  process  is  usually 
liDgle,  although  occasionally  two  of  these  processes  are  attached 
tu  one  cell  Most  ganglion-cells,  and  especially  the  larger  ones, 
We  surrounded  by  a  pericellular,  or  lymph-space,  through  which 
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Fio.  1.  (From  Lkndoia'  "Phymologie.")— 1,  Primitive  FibrillD.  2,  Axis  Cylinder. 
3,  R«mak'B  Fibres.  4,  MeduUlled  Vuicose  Fibres.  5,  6,  M«dullat<>d  Fibres, 
with  the  Shfsth  nf  Schwann  ;  c,  Nenrilemms ;  t,  t,  Rianviet'ii  Nudes  ;  6, 
MedulU;  d.  Cells  nf  the  Kndonruriiiin  ;  a,  the  Axis  Cylinder;  z.  Drop  of 
Myeline.  7,  Trunsveree  sectioa  of  Nerve  Fibres,  with  distinct  Axia  Cylinder, 
MeUullAry  Sheath,  and  Perineurium ;  8,  Nerve  Fil  res  treated  with  nitrate  of 
silver,  presenting  the  appearance  nf  a  cross  at  the  Node.  I,  Multipolar  Ganglion 
Cell  of  the  Spinal  Corri :  ;,  Axis  Cylinder  process  ;  y,  Protoplasmic  prooesst* 
On  the  rii;bt  of  I  a  Bipolar  Ganglion  Cell  U  represented.  II,  Peripheral 
Ganglion  Cell,  surrounded  by  a  Capsule  lined  bv  Fndotfaelial  Cells.  Ill, 
Ganglion  Cell,  with  Spirally-twisted  Fibre ;  m,  Capsule ;  n,  Axis  Cylinder 
process ;  o,  Spirally-twisted  Fibre. 


OF  THE  NERVOUS   SYSTEJL 


21 


processes  of  the  cell  pass.     The  capsule  in  which  the  gang- 
lion-cell 19  enclosed  is  formed  of  a  hyaline  membrane  similar 
to  and  indeed  continuous  with  the  sheath  of  Schwann  of  the 
nerve-fibre.     This  capsule  is  lined  by  a  layer  of  small,  more  or 
less  polyhedral  or  flattened  protoplasmic  cells,  each  containing  a 
round  or  slightly  oval  nucleus,  and  forming  at  times  an  almost 
complete  epithelioid  lining  (Fig.  1,  II).     The  number  of  these 
lining  corpuscles  varies  in  different  ganglia,  and  they  are  most 
numerous  near  the  axis-cylinder.     The  hyaline  membrane  of 
the  capsule  is  continued  around  the  uubranched  process  of  the 
^gcell,  while  the  corpuscles  lining  the  capsular  membrane  also 
^Hlppear  at  intervals  as  nuclei  surrounded  by  a  thin  layer  of 
^brotoplasm  interposed  between  the  axis-cylinder  and  the  sheath 
^■pf  Schwann,  and  between  the  latter  and  the  medullary  sheath 
when  once  the  fibre  has  become  meduUated.     In  the  irog  the 
[bipolar  ganglion-cells  of  the  abdominal  part  of  the  sympathetic 
item  are  very  peculiar,  inasmuch   as  one  process  becomes 
ktwiated  in  a  corkscrew   manner   round   another   process,   the 
armer  being  called  the  spiral  {Fig.  1,  III  o)  and  the  latter  the 
Fstraight  fibre  (Fig.  1,  III  n).     These  cells  were  discovered  by 
e»le,  and  are  consequently  named  after  him.     The  spiral  is 
enerally  thinner  than  the  straight  fibre,  and  there  is  always  an 
faocumulation  of  small  nuclei  where  it  leaves  the  cell  substance 
LTlie  spiral  fibre  is  at  first  thin,  but  soon  becomes  thicker  and 
Itninaformed  into  a  meduUated  nerve-fibre ;  but  the  straight  one 
[rcinains  nnn-medullated.     Similar  cells  with  spiial  fibres  are 
'  met  with  in  mammals. 


§  14  Xerve-Fihres  are  of  various  kinds,  and  often  of  complex 
eorapoeition. 

(I)  Elementary  FibriU. — ^The  simplest  fibres  consist  of  verj* 
fine  fibrils  {Fig.  1,  1),  which,  in  the  fresh  condition,  as  well 
as  after  staining  with  chloride  of  gold,  present  minute,  more  or 
Ims  r^uUr  varicosities  (Max.  Schultzc,  Cohnbeiin).  These 
fibnU  may  be  observed  in  the  terminal  distribution  of  many 
oerres,  as  tbe  stratum  of  the  optic  fibres  in  the  retina,  and  the 
terminal  distribution  of  the  olfactorius,  and  in  the  ultimate  dis- 
tribatioo  of  tbe  nerves  over  unstriped  muscular  fibres.  They 
may  also  be  observed  in  the  brain,  and  in  the  grey  substance 
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of  the  cord,  as  the  finest  subdivisions  of  the  processes  of  the 
ganglion-cells. 

(2)  Axis-Cylinder. — The  asis-cylinder  is  made  up  of  a 
large  number  of  elementary  fibrils,  arranged  longitudinally 
{Fig.  1,  2).  The  longitudinal  arrangement  of  the  fibrils  gives  to 
the  axis-cylinder  a  longitudinal  striation;  while  minute  granules 
are  seen  between  these  which  appear  to  indicate  that  the  fibrils 
are  held  together  by  a  granular  cement-substance.  The  ud- 
hranched  process  of  the  large  multipolar  ganglion-cells,  and 
which  from  its  continuity  with  the  axis  of  the  medullated  nerve- 
fibres  has  been  called  the  axis-cylinder  process,  forms  the  most 
exquisite  example  of  a  naked  axis-cylinder  {Fig.  1,  Iz). 

(3)  Nmi-MeduUated  Nerve-Fibres. — The  fibres  of  Remak 
{Fig.  1,  3)  consist  of  an  axis-cylin<ier  and  a  sheath,  which,  from 
its  discoverer,  has  been  called  the  sheath  of  Schwann.  These 
fibres  are  also,  from  their  colour,  calletl  grey  fibres.  The  sheath 
nf  Schwann  is  a  thin  byaline  elastic  membrane,  and  its 
internal  surface  is  covered  at  regular  intervals  with  oval  nuclei 
These  fibres  occur  in  the  sympathetic  system  of  nerves,  and  in 
the  olfactory  nerves ;  while  the  fibres  of  all  nerves  up  to  a 
certain  stage  of  embryonic  life  and  in  most  of  the  invertebrates 
are  of  this  variety.  The  sheath  of  Schwann  appears  to  be.  like 
the  sarcoiemma  of  muscular  fibre,  hyaline  and  structureless; 
and,  although  nuclei  are  scattered  on  its  interna!  surface,  yet 
they  do  not  seem  to  belong  to  this  sheath,  but  to  be  indepen" 
dent  structures,  and  the  precursors  of  the  next  complication 
of  the  nerve-fibre. 

(4)  Medullated    Fibres. — It    may    be    supposed    that    the 
development  of  the  non-medullatcil  into  the  medullated  fibres 
occurs  sjomewhat  in  the  following  manner: — The   nucleus  on 
the  interior  of  the  sheath  of  Schwann  is  really  not  naked,  but  1 
is  surrounded  by  a  layer  of  protoplasm,  and   may    be  said   to 
represent  a  nucleated  cell.     Let  us  now  attend  to  the  change 
which  occur  when  a  nucleated  cell  develops  into  a  fat  cell.    Thel 
oily  substance  collects  in  the  interior  of  the  protoplasm,  while 
the   outer   layer   of  the    latter   hardens   into  a  distinct  cell- 
membrane  ;  and,  as  the  oily  contents  accumulate,  the  nucleus  j 
is  pushed  towards  the  periphery,  and  the  protoplasm  is  stretched 
80  as  to  form  a  thin  layer  lining  the  interior  of  the  membrane. 
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The   layer   of  protoplasm  becomes,   indeed,  so  thin  that  its 
>  presence  is  apt  to  be  overlooked.    Instead  of  ordinary  fat,  we 
have  only  to  suppose  that  a  fatty  material  of  very  special  character 
[  Accumulates  in  the  interior  of  the  protoplasm,  surrounding  the 
1  nuclei  interposed  between  the  sheath  of  Schwann  and  theaxis- 
leylinder.  in  order  toaccount  for  the  development  of  the  medullated 
from  the  non-meduUated  fibres  (Ranvier).     As  the  protoplasm 
which  surrounds  the  nucleus  becomes  distended  with  its  oily  con- 
Itents,  it  insinuates  itself  between  the  sheath  of  Schwann  and  the 
laxis-crlinder ;  and,  after  surrounding  the  latter,  the  free  margins 
|of  the  cell  become  fused.     It  is  evident,  therefore,  the  axis- 
eylinder  will  be  surrounded,  first,  by  a  membrane  and  a  thin 
layer  of  protoplasm,  then  by  a  morw  or  less  thick  layer  of  oily 
Cmatcrial,  and  then  by  another  thin  layer  of  protoplasm  and  mem- 
brane, to  the  latter  of  which  will  be  attached  the  nucleus,  and  sur- 
ILn-Minding  the  whole  will  be  the  structureless  sheath  of  Schwann, 
ferhis  account  of  the  development  of  the  medullated  from  the  non- 
itnedullated  fibres   has  the   merit  of  giving  a  pretty  accurate 
accoant  of  the  appearances  presented  by  the  former.     Sur- 
ifuunding  the  axis-cylinder,  which  has  been  already  described,  is 
•the  medullary  sheath,  which  appears  as  a  thick,  sharply  out- 
lined, doubly-contoured,  fatty,  semi-fluid  substance  (Fig.  1,  6,  h). 
Ills  substance  coagulates  very  soon  after  death,  and  separates 
illter  spontaneously  or  under  the  action  of  various  reagents  into 
ler  or  larger  globular  drop-like  bodies  (Fig.  1,  x).     When 
I  with  peroemic  acid, the  medullary  substance  has  been  seen 
toootuut  of  longer  or  shorter  cylindrical  sections,  which  are  imbri- 
oUed  at  their  margins,  although  this  arrangement  is  not  observed 
in  all  fibres.     Ejich  of  these  sections  contains  a  reticulum,  in 
the  meshes  of  which  the  fatty  substance  is  embedded.     When 
the  reticulum  is  examined  from  the  surface  it  gives  a  honey- 
eocnb  appearance  to  the  nerve  ;  but  when  viewed  in  profile  it 
appe«r«  composed  of  rod-like  elements,  which  are  the  septa  of 
the   honeycomb   seen  sideways.     A  narrow  space,  which  has 
beeo  called  the  periaxial  space,  has  boen  observed  between  the 
ast»-«ylinder  and  the  medullary  sheath.    This  space  contains 
fluid  albuminous  cement  substance,  which  coagulates  under  the 
tion  of  hardening  reagents,  and  then  forms  a  thin  granular 
ibrane  surrounding  the  axis-cylinder. 
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The  nucleus  surrounded  by  a  smaller  or  larger  film  of  proto- 
plasm lies  embedded  on  the  outer  surface  of  the  medullary 
substance,  and  contains  an  intranuclear  reticulum ;  while  the 
surrounding  protoplasm  often  contains  pigment  granules.  The  , 
nucleus  and  surrouuding  protoplasm,  along  with  the  thin  film  ■ 
which  intervenes  between  the  sheath  of  Schwann  and  the 
medullary  substance,  represent  the  outer  wall  of  the  cell  from 
which  the  medullary  sheath  was  developed. 

(5)  Varicose  Fibres. — Some  medutlated  nerve-fibres,  espe- 
cially in  the  central  nervous  organs  and  optic  nerves,  present 
more  or  less  regular  varicose  thickenings  (^Fig.  1,  4).  These 
varicosities  are  due  to  local  accumulations  of  albuminous 
cement  substance  in  the  periaxial  space,  and  not  to  a  coagu-  ^ 
lation  of  the  medullary  sheath,  as  was  once  supposed.  f 

(6)  Ranvi^r'a  Nodes.  —  If,  then,  the  medullary  sheath  is 
developed  from  the  cells  interposed  between  the  sheath  of 
Schwann  and  the  axis-cylinder,  it  becomes  interesting  to  en- 
quire whether  any  trace  can  be  discovered  to  indicate  where 
two  adjoining  cells  meet.  The  annular  constrictions  which 
appear  at  regular  intervals  in  the  course  of  the  nerve,  and 
which  were  first  described  by  Ranvier,  and  consequently  are 
called  Ranvier's  nodes  {Fig.  1,  8),  are  generally  accepted  as  proof 
of  the  cellular  origin  of  the  medullary  sheath.  Each  node  is 
due  to  an  annular  fold  of  the  sheath  of  Schwann  projecting 
towards  the  axis-cylinder  ;  while  there  is  an  interruption  of  the 
medullary  sheath  corresponding  to  each  constriction.  The  part 
of  the  sheath  between  each  constriciion  is  called  an  interannular 
segment,  and  it  is  important  to  notice  that  each  of  these  seg* 
ments  possesses  one,  and  only  one,  nucleus,  which  is  situated 
near  its  middle  {Fig.  1, 6).  Ranvier  has  found  a  finely  granular 
substance  in  the  concavity  of  the  constriction,  of  the  nature  of 
albuminous  cement  substance.  This  cement  substance  becom  -^s 
deeply  stained  with  nitrate  of  silver,  which  also  penetrates  more 
or  less  deeply  into  the  interior  of  the  fibre  and  stains  the  cement 
substance  surrounding  the  axi.s-cylinder ;  so  that,  after  staining 
with  silver,  the  nerve-fibre  presents  a  peculiar  dark  cross  at  the 
node  {Fig.  \,  8),  the  longitudinal  branch  of  the  cross  appearing 
longer  or  shorter,  according  as  the  staining  has  extended  a 
greater  or  shorter  distance  on  the  surface  of  the  axis-cylinder. 
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The  nodes  of  Ranvier  have  probably  an  important  function  to 
perform  with  respect  to  the  nutrition  of  the  fibre,  inasmuch  as 
they  permit  the  plasma  to  penetrate  more  freely  to  the  axis- 
cylinder  than  could  possibly  take  place  if  the  medullary  sheath 
were  continuous. 

Some  mednllated  nerve-fibres,  more  especially  efferent  fibres, 

sobdivide  into  two  or  more  branches,  the  division  taking  place 

at  a  node  of  Ranvier. 

^b     (7)   Connective  Tissue  Cells.  —  Elongated   nuclei  may   be 

^■^^^■d  Ijring  outside  the  sheath  of  Schwann   (Fig.  1,  6,  d). 

^^HI^Ke  the  nuclei  of  tiattened  connective  lisuue  cells  which 

are  formed  between  the  individual  nerve-fibres,  and  constitute 

Hthe  cellular  portion  of  the  endonewrium.     lu  isolated  fibres 

^■these  cells  form  a  continuous  endothelial  membrane  surrounding 

the  fibres  towards  their  terminal  distribution,  and  they  are 

cioeely  connected  with  the  lymph-spaces  of  the  endoneurium, 

trbicb  will  be  subsequently  described. 
§  15.  Functions  of  Ganglion-Cells. — We  may  expect  that 
ha  contract  exhibited  in  the  structure  of  the  different  kinds  of 
Plglion-cells   ia  paralleled   by  a   corresponding    contrast    in 
betr  functions.     The  first  contrast  which  we  notice  is  that  of 
■&    It  is  evident  that  a  large  size  enables  the  cell  to  give 
tft  to  a  powerful  discharge  of  energy ;  and  we  may  expect 
that  the   most  powerful  discharges  will  emanate  from  those 
ceUa    which   are   in    immediate    relation   with    the   outgoing 
r     euirents,  and  that  the  smaller  cells  are  in  relation  with  the 
^Kiiioomiog  currents,  which  require  to  be  arranged  and  elaborated 
^■Wfore  being  reflected  outwards.    This  expectation  is  realised. 
I^Tbe  l&rge  cells  are  met  with  in  the  spinal  cord  in  connexion 
with  the  efferent  and  the  small  cells  in  connexion  with  the 
afferent  nerve-fibrea 

The  next  contrast  between  the  spherical  and  the  caudate 
oella  is,  that  the  former  do  not  possess  a  definite  cell-wall,  and 
have  no  definite  connexions ;  while  the  latter  not  only  possess 

Pa  definite  cell-wall,  but  have  also,  by  means  of  their  processes, 
extremely  definite  connexions  with  one  another  and  with  nerve- 
fibrec  It  is  manifest,  therefore,  that  the  currents  through  the 
locmer  must  pass  in  a  somewhat  diS'used  manner,  while  in  the 
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latter  they  will  pass  through  very  defined  channels.  The 
former,  then,  are  adapted  for  the  first  elaboration  of  the 
incominsr  currents,  and  the  latter  for  the  final  co-ordination  of 
the  outgoing  currents.  If  the  aflFerent  currents  are  few  in 
number,  and  if  they  are  at  the  same  time  well  organised 
in  the  race,  they  may  pass  more  or  less  directly  to  the 
caudate,  without  the  intervention  of  round  cells.  The  actions 
to  which  the  internal  organs  are  subjected  are  uniform 
in  kind,  and  relatively  few  in  number.  The  stomach,  for 
instance,  pa-sses  through  the  same  kind  of  actions  day  after 
day  with  great  uniformity ;  its  actions  are  also  thoroughly 
organised  in  all  animals ;  hence  the  afferent  currents  from  it  to 
the  sympathetic  ganglia  pass  directly  into  bipolar  cells,  and 
issue  from  these  as  efferent  currents.  The  afferent  currents 
ascending  from  the  feet  during  locomotion  are  also  few  in  num- 
ber, simple  in  kind,  and  thoroughly  organised  in  the  race,  and 
it  is  probable  that  these  pass  from  the  afferent  fibres  directly 
to  the  large  motor  cells,  without  previously  passing  through 
the  small  round  cells  of  the  posterior  horns. 

Tlie  next  contrast  I  shall  notice  is  one  existing  between  the 
caudate  cells  themselves.  Some  are  unipolar  or  bipolar,  and 
others  multipolar,  with  exceedingly  ramified  connexions.  Some 
anatomists  doubt  the  existence  of  unipolar  cells  ;  but  we  may 
expect  to  meet  with  the  bipolar  cells  where  the  co-ordinations 
to  be  effected  are  few  and  simple,  and  the  multipolar  where 
the  co-ordinations  are  numerous  and  complicated.  We  have 
already  noticed  that  the  movements  of  tLe  internal  organs 
are  comparatively  simple  and  uoiform ;  and  it  is  mainly  in 
the  ganglionic  centres  which  preside  over  the  functions  of 
those  organs  that  the  bipolar  cells  are  found  ;  while  the  best 
examples  of  the  multipolar  cells  are  found  in  the  anterior 
horns  of  the  cord  in  direct  relation  with  the  nerves  which 
convey  efferent  impulses  to  the  organs  of  external  relation, 
where  numerous  and  complicated  movements  require  to  be 
effected. 

The  order  of  the  development  of  the  nervous  system,  struc- 
turally regarded,  is  from  the  round  cell  without  membrane,  to 
the  caudate  cell  with  membrane ;  and  from  the  catulato  cell 
with  few  and  indeterminate  connexions,  to  those  with  multiform 
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nd  riefioed  connexions  :  just  as  the  order,  functionally  regarded 
from  actions  which  are  diffused  and  simple,  to  those  which 
are  less   diffused  and  simple  ;  and  from  the  latter,  to  those 
which  are   well   defined,   multiform,  and    complicated.     This 
order  is  equally  true,  whether  the  progress  of  development  is 
mtemplated  under  the  a.spect  of  the  transition  from  the  lower 
the  higher  animals,  or  from  the  initial  to  the  adidt  stages  of 
«  higher  animals;  or  under  the  aspect  of  the  process  known 
ucation  in  the  higher  animals. 

nglion-cells  contain  a  store  of  material  possessing  potential 
energy,  which,  on  the  application  of  a  liberating  force,  becomes 
kinetic.   The  liberating  force  which  renders  the  potential  energy 
ioptic  is  termed  a  stimulus.  The  chemical  process  which  under- 
lies the  transformation  is  probably  of  the  nature  of  oxidation, 
ince  the  blood,  returning  from  the  brain,  for  instance,  is  as 
Venous  as  that  returning  from  any  other  part  of  the  body  ;  but 
We  possess  no  direct  evidence  of  the  nature  of  this  change.    In 
reference  to  the  liberating  force,  it  may  be  noticed  that  the 
iDglion-cells  do  not  appear  to  respond  to  the  usual  mechanical 
nd  chemical  stimuli.     By  applying  strong  electrical  stimuli  to 
lasses  of  ganglionic-cells,  such  as  those  of  the  cortical  part  of 
e  bmin,  a  response  has  been  obtained  from  them  in  the  form 
f  muscular  movements.      These  cells  are,  however,  connected 
ith  each  other  by  innumerable  fibres,  and  there  lie  imme- 
lately  beneath  them  large  masses  of  nerve-fibres  to  which  the 
currents,  from  the  strength  employed,  must  be  conveye<1 ;  hence 
t  is  extremely  doubtful,  to  say  the  least,  how  far  the  muscular 
ifivemeuts  in  such  a  case  can  be  taken  as  evidence  of  the  direct 
tion  of  the  current  on  the  cells.    When  the  ganglion-cell  lies 
[between  two  nerve-fibres,  as  those  engaged  in  reflex  action,  the 
tential  energy  of  the  cell  is  set  free  by  means  of  the  already 
liberated  energy  of  the  stimulated  fibre ;  and  the  energy  thus 
•et  free   renders  kinetic  the  potential  energy  of   the  second 
fibre.     The  cell  largely  increases  the  amount  of  energy  rendered 
kinetic  during  the  action,  but  the  function  of  the  cell  in  this 
4oes  not  greatly  differ,  except  in  degree,  from  that  of  a 
bre.     But  even  in  such  a  simple  case  the  cell  generally 
becomes  the  point  of  union  of  several  fibres,  and  thus  it  helps 
to  direct  the  disturbance  it  receives  through  one  fibre  into  two 
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or  more  fibres,  and  becomes  the  active  agent  in  giving  a  new 
direction  to  the  current. 

The  manner  in  which  the  energy  of  the  cells  is  liberated  in 
automatic  action  is  not  easy  to  understand.      It  is  probable 
that  a  great  many  of  the  actions  regarded  as  automatic  are 
of  reflex  origin.     There  is  another  way  in  which  the  energy 
of  the  automatic  cell  may  be  supposed  to  be  liberated.     The 
energy  set  free  during  one  moment  may  perform  the  part  of  a 
liberating  force  the  next  moment   on   the   store  of  potential 
energy,  which  is  being  constantly  replenished  from  the  blood, 
just  as  a  fire,  when  once  kindled,  may  be  kept  burning  if  sup- 
plied with  combustible  material.     But  the  liberation  of  energy 
efiected  by  this  means  would  be  continuous  ;  while  the  libera- 
tion of  energy  in  a  stimulated  nerve-fibre  is  interrupted  or  in- 
termittent.     It  is  q'tite  possible,  however,  for  a   continuous 
liberation  in  a  ganglion-cell   to  give   rise   to   an  interrupted 
or  vhythmicai  stimulation  of  a  nerve-fibre.    Suppose  that  the 
energy  liberated  in  the  cell  has  to  overcome  a  certain  resistance 
before  acting  as  a  stimulus  on  a  nerve-fibre,  a  certain  tension 
must  be  reached  prior  to  stimulation  ;  and  when  the  requisite 
tension  is  reached,  a  discharge  takes  place  through  the  nerve. 
This  discharge  diminishes  for  a  time  the  tension  of  the  energy 
liberated  in  the  cell;  and,  as  it  is  probable  that  the  molecules  of 
the  axis-cylindor  have  fallen  during  the  discharge  from  an  un- 
stable to  a  stiible  eiiuilibrium,  the  resistance  to  a  second  dis- 
charge through  the  fibre  will   be  increa.sed.     The  continuous 
liberation  of  energy  within  the  cell  soon  raises  the  tension  again  ; 
while  by  restorative  processes  in  the  axis-cylinder  its  molecules 
are  once  more  replaced  in  their  position  of  unstable  equilibrium, 
and  the  conditions  for  a  second  discharge  are  quickly  restored, 
to  be  again  succeeded  by  the  conditions  of  a  second  interval.  ■ 
When  the  resistance  is  great  it  will  require  a  high  tension  to 
overcome  it,   and  this  implies  that  the  liberation  of  energy 
must  continue  for  a  long  time  before  the  necessary  degree  of 
tension  is  reached,  and  that  when  the  discharge  takes  place  it 
will  be  a  piowerful  one.     Strength  of  discharge,  then,  involve-s 
length  of  interval  between  the  discharges  ;  or,  in  other  words, 
the  strength  of  every  discliarge  of  energy  through  a  nerve  is 
inversely  proportional  to  its  frequency. 
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§  16.  Functions  of  Nerve- Fibres. — The  axis-cylinder,  or 
more  properly  the  elementary  fibril,  is  the  essential  con- 
stituent of  the  nerve-fibre,  ami  has  been  aptly  compared  to 
the  core  of  copper  wire  strands  in  a  submarine  telegraph 
cable.  The  next  most  important  constituent  is  the  primitive 
sheath,  which  has  been  compared  to  the  outer  coating  of  rope 
of  the  cable.  The  last  constitupnt,  and  therefore  that  which 
distinguishes  the  most  highly  ditFerentiated  fibre,  is  the  medul- 
lary sheath,  which  has  been  compared  to  the  layer  of  gutta- 
percha in  a  telegraph  cable. 

Glancing  now  at  these  three  kinds  of  fibres,  the  most  notice- 
able feature  is,  that  all  of  them  are  adapted  for  conveying  im- 
palaes  in  the  direction  of  their  length ;  but  when  several  of  the 
fibres  of  Remak  are  arranged  side  by  side,  free  lateral  diffusion 
of  the  currents  will  take  place,  while  the  primitive  sheath  of 
the    Don- medullated    fibres    will    check    ibis    diffusion    to    a 
ooDsiderable    extent,   and    it   will   be   entirely   prevented    by 
ibe  medullary   sheath    of  the    medullated    fibres.     We   may 
expect,    therefore,    to    find    the    first  order    of    fibre    when 
the  function  is  of  a  very  diffused  character,  the  second  when 
the  function  is  less  diffused,  and  the  third  when  it  is  very 
dsffined,  and  when,  consequently,  any  lateral  diffusion,  or  irra- 
diation, as  it  is  called,  would  mar  the  effect,     The  fibres  of 
Remak  are  inuinly  found  iu   the  intracranial  portion  of  the 
olfactory  nerve;  and  it  is  well  known  that,  of  all  the  special 
•eiues,  the  olfactory  is  the  most  diffused.     The  non-medullated 
fibres  are  met  with   in  the  sympathetic  nerves,  which  preside 
over  the  actions  of  the  organs   of  internal  relation — actions 
which    are    much    more    diffused   than    those   of  the  organs 
of  external  relation;    while  the    medullated    fibres  alone  are 
fitted    to    preside    over   the   definite    actions    of  the   latter 
orgooa     Any  lateral   diffusion   of    the   nerve-currents   would 
entirely  mar  the  definite  and  delicate  movements  of  the  hand 
required  for  writing  ;  while  some  degree  of  this  diffusion  would 
appear  to  be  neceiisary  for  that  continuous  and  diffused  con- 
traction   of  the   muscular  coat   of  the   bowels    which   causes 
peristalsis. 

Nerve-fibres  exist  in  the   conditions  of  rest,  activity,  and 
death.     In  passing  from  one  slate  to  another  their  physical 
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properties  undergo  no  perceptible  change  such  as  takes  place 
in  muscle ;  hence  these  different  conditions  cannot  be  dis- 
tinguished from  e.ich  other  in  nerve  by  simple  inspection, 
A  nerve  is  living  if  it  possess  irritability.  The  agents  which 
evoke  the  activity  of  a  nerve-fibre  are,  as  in  the  case  of  the 
gauglion-cells,  termed  stimulants ;  while  the  property  which 
nerve-fibres  possess  of  transmitliog  the  state  of  activity  from 
one  point  to  the  next,  is  called  their  conductivity.  When 
the  irritability  is  not  called  into  activity  by  any  stimulus, 
the  nerve  is  at  rest  No  doubt  a  certain  amount  of  material 
exchange  takes  place  in  a  nerve,  as  in  other  tissues,  during 
a  state  of  repose;  but  as  nerves  are  almost  destitute  of 
blood-vessels,  the  material  exchanges  which  take  place  in 
them  must  be  slight.  When  the  nerve- fibre  gives  evidence  of 
evolving  energy  when  acted  on  by  a  stimulus,  it  is  in  an  active 
condition  ;  and  when  it  gives  no  response  to  the  action  of  a 
stimulus,  it  is  dead.  Death  of  nerve-tissue  is  also  recognised 
by  the  appearance  of  an  acid  reaction,  and  by  certain  electro- 
motor phenomena  as  well  as  by  the  loss  of  irritability. 

(i.)  Irritahility. — The  laws  of  irritability  have  already  been 
considered  in  a  general  way ;  but  we  must  now  establish 
empirically  the  laws  which  influence  the  degree  of  nerve- 
irritability. 

(1)  Continued  inaction  of  a  nerve  diminishes  and  finally 
destroys  its  irritability,  and  leads  at  last  to  fatty  degeneration. 
It  is  very  probable  that  the  first  effect  of  inaction  is  to  increase 
the  irritability. 

(2)  The  irritability  of  a  nerve,  after  it  ceases  to  be  connected 
with  a  living  central  organ,  increa.ses  considerably  at  first,  but 
afterwards  diminishes,  and  fiually  disappears.  When  the 
separation  is  effected  by  transverse  section,  the.  process  is 
accelerated,  and  it  also  taken  place  more  (juickly  in  the  central 
than  in  the  peripheral  part  of  the  nerve.  In  this  case,  some 
part  of  the  effect  is  no  doubt  due  to  the  mechanical  stimulus  of 
the  section.  If  the  cut  nerve  be  allowed  to  remain  in  the  body, 
it  undergoes  fatty  degeneration.  But  if  the  cut  ends  be  kept 
in  apposition,  they  grow  together  after  a  time,  and  they  have 
even  been  known  to  grow  together  when  the  cut  ends  were  half 
an  inch  or  more  apart. 
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3entle  stimulation  of  a  nerve  increases  its  irritability  ; 
overBtimulatioD  diminishes  it,  and  may  destroy  it  at  once 
(■hock).  Continued  activity  diminishes  the  irritability,  and 
may  gradually  destroy  it  (exhaustion). 

(4)  Mechanical  irritants,  such  as  crushing  or  pinching, 
destroy  the  irritability.     If  the  mechanical  stimulus,  however, 

jifi  not  too  violent,  the  irritaV)ility  is  first  increased,  as  occurs 
ifter  section  of  a  nerve  with  a  sharp  knife. 

(5)  A  decided  disturbance  of  chemical  composition,  such  as 
it  caused  by  desiccation  and  treatment  with  strong  alkalies  or 
acids,  destroys  the  irritability.  Certain  agents  absorbed  into 
the  blood,  such  as  strychnia,  first  increase  and  then  destroy 
the  irritability  of  certain  nerve-fibres,  and  probably  also  of 
some  ganglion-cells.  Curara  lowers  the  irritability  of  the  peri- 
pheral termiuatioQS  of  voluntary  motor  nerves ;  but  Bernard 
found  that  a  moderate  dose  first  increa.ses  the  irritability, 
which  then  becomes  diminished  and  ultimately  lost. 

(6)  The  state  of  the  nutrition  of  a  nerve  has  a  great  effect 
on  its  irritability.     If  the  nutrition  is  wholly  arrested,  the  irrita- 

Ibility  disappears.  But  a  nerve  whose  nutrition  is  merely 
defective  discbarges  its  energy  more  readily  than  one  whose 
DUtriiion  is  perfect. 
(7)  Gradual  withdrawal  of  heat  diminishes,  and  gradual 
Edition  of  heat  (within  certain  limits)  increases,  the  irrita- 
|nlity.  Too  much  heat  lowers  and  may  instantly  annihilate  it 
bj  inducing  chemical  change. 
(8)  If  a  constant  galvanic  current  be  passed  through  a  portion 
of  a  nerve,  it  acts  as  a  stimulus  at  the  moment  of  making  and 
breaking  contact.  When  the  current  is  passing  through  the 
nerve,  the  latter  appears  to  be  at  rest,  but  its  irritability  is 
profoundly  affected.     This  condition  is  called  clectrotouus  or 

»lbe  electrotonic  condition,  but  it  would  serve  no  useful  purpose 
to  enter  on  its  consideration  here. 
(ii)  CoTiduction. — A  particular  nerve-fibre  usually  transmits 
its  activity  in  one  direction  only — hence  the  distinction  made 
between  aS'erent  and  efferent  fibres  ;  but  several  circumstances 
might  be  mentioned  which  tend  to  prove  that  a  nerve-fibre 
can  conduct  in  both  directiou.s.  It  has  been  proved  by 
experiment,  that  if  a  purely   afferent   nerve    (gustatory)    be 
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divided,  and  its  central  end  be  made  to  unite  with  the  distal 
end  of  a  divided  motor  nerve  (hypoglossal),  irritation  of  the 
former  after  the  parts  have  been  healed  produces  contraction  in^ 
the  muscles  supplied  by  the  latter.  V 

Continuity  of  the  nerve-fibre,  especially  of  the  axis-cylinder, 
is  necessary  for  conduction.  Lesions  of  the  fibre  from  section 
or  caustic,  or  even  from  a  certain  amount  of  pressiire,  interrupt 
conduction. 

The  transmission  of  the  active  condition  from  one  end  of  a  I 
nerve-fibre  to  another  occupies  time.     The   average   rate   of  I 
conduction  in  human  motor  nerves  is  found  by  experiment  U>\ 
be  111  feet, or  33  metres  per  second;  and  in  the  sensory  nerves 
to  be  liO  feet,  or  about  42  metres  per  second.  ^ 

The  velocity  with  which  nerve-energy  travels  may   be   iO'V 
creased  or  diminished.     The  rule  is  that  cold,  the  condition  of 
anelectrotonus,  and  all  conditions  which  lower  the  irritability, 
diminish  the  velocity ;  while  heat,  the  condition  of  catelectro-      i 
tonus,  and  all  conditions  which  raise  the  irritability,  increasefl 
the  velocity  of  conduction.  " 

Plluger  observed  that  the  effect  of  stimulating  a  motor  nerve  i 
is  so  much  the  greater  the  further  removed  the  point  of  stimu-fl 
lation  is  from  the  muscle.  He  explained  this  effect  by  supposing  " 
that  the  active  condition  of  a  nerve  accumulates  strength  in  ^ 
transmission,  like  the  momentum  of  a  falling  mass,  as  anH 
avalanche.  It  is  now  considered  more  probable  that  this 
phenomenon  depends  upon  the  increased  irritability  of  the 
more  distant  parts  of  the  nerve  caused  by  section. 

(iii.)  Stimuli. — Ail  mechanical  impressions,  as  blows,  pres- 
sure, section,  etc.,  which  cause  alterations  of  the  form  of  a 
portion  of  a  nerve,  act  as  stimuli  while  producing  the  change 
Irritability  and  conductivity  are  destroyed  if  the  nerve  has  been 
permanently  injured.  Agents  which  alter  the  chemical  consti* 
tution  of  a  nerve  with  a  certain  degree  of  rapidity,  act  as 
stimuli.  Some  substances,  as  ammonia  and  solutions  offl 
metallic  salts,  produce  death  so  rapidly  that  the  development " 
of  the  stimulating  effect  is  prevented.  A  sudden  rise  of  tem- 
perature in  a  nerve  also  acts  as  a  stimulus  and  causes  the  nerve 
to  discharge  its  energy. 

Variations  in  the  intensity  of  an  electric  current  stimulate' 
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nerve-fibres,  the  stimulation  being  the  more  powerful  the  more 
ftuddenly  variations  occur.  The  variation  generally  employed 
in  thai  produced  by  making  or  breaking  a  current  through 
the  nerve ;  but  a  sudden  increase  or  diminution  in  the 
sireugth  of  a  current  also  acts  as  a  stimulus.  The  shocks  of 
tricUonal  electricity  have  a  very  powerful  stimulating  effect, 
siac«  the  currents  it  forms  are  extremely  rapid  iu  their  ap- 
pearance and  disappearance. 


^ 


§  17.  General  Theory  of  Nerve  Ftiiutlona. — These,  then,  are 
lome  of  the  more  important  empirical  laws  of  the  functions  of 
nerve-fibres,  and  of  the  mode  of  operation  of  those  agents 
which  evoke  their  activities.  Let  us  now  endeavour  to  reduce 
these  laws  to  some  degree  of  order.  On  comparing  them  with 
one  another,  the  most  obvious  relation  which  exists  between 
them  is — that  the  mechanical,  chemical,  and  thermal  agents 
which  act  as  stimuli  when  suddenly  applied  to  a  nerve, 
iDcrea-se  the  irritability  when  gradually  applied  and  in  a 
moderate  degree  of  intensity,  and  destroy  it  when  suddenly 
applied  beyond  a  certain  degree  of  intensity  ;  and  it  has  just 
been  seen  that  all  conditions  which  increase  the  irritability  of 
the  nerve  also  increase  the  velocity  of  conduction.  Such  are 
the  facts  which  require  explanation. 

.■\Jl  tlie  functions  of  nerve-fibres  are  closely  connected  with 
be  fundamental  property  of  irritability.  We  have  already 
that  irritability  depends  upon  the  molecules  of  the 
plasm  being  in  a  condition  of  unstable  equilibrium,  and 
bat  the  energy  is  rendered  actual  when  the  molecules  fall 
o  a  relatively  stable  position.  There  can  be  little  doubt  thai 
er%'e-irritability  depends  upon  the  protopla.sm  of  the  axis- 
ijliuder  being  composed  of  molecules  in  unstable  positions, 
that  these  are  so  connected  that  the  movement  or 
lion  of  one  lea<l8  to  the  movement  or  alteration  of  those 
the  immediate  neighbourhood.  The  true  nature  of  this 
Mjvement  is  not  known,  but  the  theory  most  consistent  with 
iumes  that  it  is  a  chemical  change,  either  of  the  nature 
meric,  or  an  oxidation,  such  as  occurs  when  a  train  of 
npowder  is  ignited  at  one  end.  The  slow  rate  at  which  the 
n«gy  travels  from  one  end  of  a  nerve  to  another,  in  com- 
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parison  with  the  speed  of  electric  currents,  shows  that  the  two 
kinds  of  energy  must  difier  essentially.  The  agents  which  act 
as  stimuli  set  up  this  chemical  change  at  one  end  of  a  nerve, 
and  this  is  slowly  propagated  to  the  other  end.  When  these 
agents  are  gradually  applied,  they  act  by  placing  the  molecules 
in  more  unstable  positions  without  causing  them  to  move  towanis 
one  another,  so  that  a  slighter  degree  of  stimulus  will  subse- 
quently induce  the  necessary  chemical  change  ;  while  the  same 
agents,  when  suddenly  applied  in  high  intensity,  will  protiuce 
such  a  large  amount  of  chemical  change  as  to  destroy  the  irri- 
tability. The  following  illustration  may  enable  us  to  some  extent 
to  realise  what  occurs  in  a  nerve-fibre  during  the  transmission  of 
its  energy.  We  have  seen  that  when  matter  possesses  potential 
energy,  a  certain  force  called  the  liberating  force  is  necessary 
in  order  to  render  the  energy  actual;  or,  in  other  words, 
matter  under  those  conditions  offers  a  certain  amount  of 
resistance  to  change,  and  the  higher  the  resistance  the  stronger 
must  be  the  liberating  force.  Suppose  two  books,  each  a  foot 
in  height,  to  be  standing  on  end  on  a  table,  and  that  the  one 
is  half  an  inch  and  the  other  two  inches  in  thickness ;  the 
slightest  tap  on  the  free  end  of  the  first  will  cause  it  to  fall, 
while  it  will  require  a  considerable  blow  to  cause  the  second  to 
fall.  The  resistance  which  the  latter  offers  to  change  is  greater 
than  that  of  the  former.  And  if  we  arrange  two  rows  of  these 
books  placed  on  end  at  convenient  distances,  in  such  a  way  that 
when  the  first  book  of  a  row  is  made  to  fall  it  will  strike  the 
second  and  cause  it  to  fall  towards  the  third,  and  so  on  till  the 
row  has  fallen  with  the  books  overlapping  each  other,  it  will  at 
once  be  noticed  that  the  row  made  up  of  the  thin  books  falls 
much  sooner  than  that  made  up  of  the  thick  books.  Each  book 
of  the  latter  row  offers  a  greater  resistance  to  change,  and  not 
only  is  a  greater  force  necessary  to  initiate  the  movement  in 
the  first  book  of  the  row, but  the  transmission  of  the  movement 
from  one  end  to  the  other  is  delayed.  When  the  molecules 
of  the  axis-cylitxiers  occupy  relatively  stable  positions,  the 
irritability  of  the  netve-fibres  is  depressed,  a  greater  resistance 
is  ofiered  to  change,  and  a  stronger  stimulus  must  be  applied  to 
them  in  order  to  awaken  their  activities.  But  not  only  must 
the  initial  liberating  force  be  stronger,  but  it  must  be  stronger 
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at  each  point  of  the  conduction — hence  the  velocity  of  the 
conduction  will  be  rendered  slower ;  while  the  converse  obtains 
when  the  irritability  is  increased. 

§  18.  Construction  of  the  Xervovs  Tisaites. — It  has  been  seen 
that  on  ultimate  analysis  the  nervous  tissues  consist  of  cells  and 
fibres,  and  we  must  now  trace  the  relative  positions  occupied 
by  these  elements  in  the  construction  of  the  tissues.  The 
j^eneral  law  of  organisation  is  that  unlike  functions  entail  unlike 
structures  ;  and  inversely,  that  unlike  parts  assume  activities  of 
unlike  kinds.  On  looking  at  a  simple  nervous  system,  the 
greatest  contrast  in  structure  is  shown  between  certain  knots 
termed  ganglia  and  certain  cords  termed  nerves,  which  connect 
one  ganglion  with  another,  or  with  different  parts  of  the  orga- 
nism. Since  these  parts  exhibit  the  widest  structural  contrast 
existing  in  the  nervous  system,  they  will  also  exhibit  the  widest 
functional  contrast.  The  ganglia  are  composed  of  nerve-cells 
with  thin  connecting  processes,  held  together  by  a  fine  con- 
nective tissue;  whilst  the  nerves  are  composed  of  nerve-fibres 
arranged  side  by  side  in  a  bundle,  also  held  together  by  a  firm 
connective  tissue,  and  the  whole  surrounded  by  a  fibrous  sheath. 
Functionally  regarded,  the  ganglia  are  originators  of  motion, 
and  to  some  extent  conductors  also,  while  the  nerves  are 
mainly  conductors,  although  it  is  proV)able  that  they  also  are  in 
some  small  degree  originators  of  motion. 

In  the  principal  nervous  centres  of  the  higher  animals,  how- 
ever, the  ganglia,  instead  of  fornaing  knots,  have  come  by 
approximation  and  fusion  to  form  a  continuous  mass,  which  from 
its  colour  is  called  the  jrey  substance;  and  the  conducting  fibres, 
instead  of  forming  cords  connecting  two  separate  ganglia,  also 
form  a  continuous  mass,  which  from  its  colour  is  called  the  white 
$tA«(ance.  But,  besides  the  central  organs  and  the  conducting 
apparatus,  we  must  distinguish  in  a  nervous  system  the  peri- 
pherul  terminations  of  the  conducting  apparatus — terminations 
which  are  specially  adapted  on  the  one  band  for  receiving  im- 
pressions from  environing  agents  and  objects,  and  on  the  other 
for  transmuting  the  molecular  motions  of  the  nervous  system 
into  the  molecular  motions  of  the  work-organs.  It  is  not 
ioteaded  to  enter  npon  even  the  most  general  consideration  of 
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the  peripheral  terminations  of  the  conducting  apparatus ;  hence 
our  subsequent  remarks  will  be  coufined  to  the  consideration  of 
the  conducting  apparatus  itself,  and  to  the  central  end-organs 
of  this  apparatus. 

The  conducting  apparatus,  as  already  pointed  out,  consists  of 
cords  called  nerves,  and  continuous  masses  called  the  white 
substance,  both  of  these  being  composed  of  nerve-fibres,  which 
usually  remain  unbranched  in  their  whole  course.  Nerve-fibres 
are  grouped  into  three  classes  with  reference  to  the  direction  in 
which  the  energy  passes  through  them — (I.)  Afferent  fibres,  or 
those  which  convey  impressions  from  the  periphery  to  a  nerve- 
centre;  (II.)  Efferent,  or  those  which  convey  impulses  from  a 
nerve-centre  to  a  work-organ  ;  and  (III.)  Intercentral,  or  those 
which  conduct  between  two  nerve-centres. 

(i.)  Afferent  Fibres. — I.  The  atierent  fibres  are  further  sub- 
divided into — (1)  those  which  minister  to  reflex  action,  that  is, 
those  in  which  the  disturbances,  conveyed  by  an  afferent  nerve 
to  a  centre,  are  immediately  transferred  to  efferent  nerves ;  (2) 
sensory  nerves,  or  those  which  convey  impressions  from  the 
periphery  destined  to  reach  the  highest  nervous  centre,  which 
we  shall  subsequently  see  to  be  the  organ  of  mind  (they  are 
called  sensory,  because  any  disturbauce  of  them  produces  a 
sensation)  ;  and  (3)  inhibitory  nerves,  or  those  which  restrain 
action.  It  is  generally  assumed  that  there  are  three  distinct 
kinds  of  nerve-fibres,  corresponding  to  these  three  functions  ; 
but  this  is  an  assumption  which  is  by  no  means  proved  as  yet. 
The  same  system  of  aft'orent  fibres  may  minister  to  the  sensory 
and  reflex  functions,  and  it  may  depend  upon  various  other 
circumstances,  such  as  the  relative  ri-sistance  wbich  the  inter- 
central fibres  concerned  in  the  op^eration  offer  to  the  conduction 
of  the  impression,  whether  one  or  other  action,  or  both  of  them, 
will  ensue.  The  balance  of  evidence,  however,  appears  to  be 
in  favour  of  the  view  that  distinct  fibres  exi.st  for  these  func- 
tions. But  the  existence  of  inhibitory  nerves  is  very  doubtful 
No  one  doubts  the  existence  of  an  inhibitory  function  ;  the  only 
question  which  arises  is,  whether  the  function  is  simple  or  com- 
pound, If  the  function  is  simple,  there  will  be  special  fibres  to 
minister  to  it;  but  if  it  is  compound,  it  will  be  a  resultant  of 
the  action  of  nerve-fibre.s,  or  of  nerve-fibres  and  cells  engaged 
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in  other  operations.  For  instance,  I  throw  the  flexors  of  my  leg 
and  thigh  into  a  state  of  rigid  contraction,  yet  there  is  no  move- 
ment of  my  leg,  because  I  have  at  the  same  time  thrown  the 
extensors  into  contraction.  The  one  action  counteracts  the 
other,  and  the  leg  is  kept  in  a  state  of  rest ;  but  although  the 
nerves  which  supply  the  extensors  have  been  made  to  perform 
an  inhibitory  function,  there  are  no  special  inhibitory  nerve- 
fibres  concerned  in  the  action.  But  let  us  take  an  example 
from  a  more  purely  inhibitory  function. 

If  the  central  end  of  the  superior  laryngeal  nerve  after  sec- 
tion be  stimulated  by  a  gentle  interrupted  current,  the  respira- 
tory rhythm  is  rendered  slow,  or  stopped  altogether  in  a  state 
of  expiration ;  while,  if  the  central  stump  of  one  of  the  divided 
vagi  l>e  stimulated,  the  respiration,  which  from  the  division  of 
the  nerves  had  become  slow,  is  quickened  again.  If  the  nerve 
has  become  exhausted  by  previous  stimulation,  further  stimula- 
tion of  the  main  trunk  may  cause  the  respiration  to  become 
slower,  or  even  to  stop.  In  accordance  with  these  facts  it  is 
generally  supposed  that  the  superior  laryngeal  branch  of  the 
VBgus  contains  inhibitory  fibres,  while  the  main  trunk  contains 
both  accelerating  and  inhibitory  fibres,  theformerof  which  largely 
predominate.  It  is  very  doubtful,  however,  whether  there  is 
any  necessity  to  assume  the  existence  of  any  fibres  except  the 
afferent  fibres  engaged  in  ordinary  reflex  action.  The  atFerent 
impulses  are  first  conveyed  to  an  automatic  respiratory  centre 
in  the  medulla  oblongata,  a  centre  which  possesses  a  rhythmic 
action  whereby  it  emits  complex  co-ordinated  impulses  of  inspi- 
ration and  expiration.  The  afferent  disturbances  brought  to 
this  centre  by  the  pneumogastrics  modify  its  regulative  impulses 
according  to  the  requirements  of  the  system.  When,  however, 
the  afferent  fibres  are  stimulated  by  a  faradic  current,  the 
rhythm  of  the  molecular  disturbances  conveyed  by  them  may 
be  80  out  of  relation  to  the  rhythm  of  the  automatic  centre, 
chat  fibres,  which  usually  excite  the  centre,  may  now  arrest 
its  action.  It  is  well  known  that  two  strings  may  be  arranged 
ch  a  manner  that  each  will  produce  a  musical  note  when 
to  vibrate  separately ;  that  they  may  under  one  set  of 
cireamstances  produce  musical  notes,  which  harmonise  with 
one  another,  and  under  slightly  different  circumstances  produce. 
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not  musical  notes,  but  a  succession  of  beats  with  interveuiog 
periods  of  silence.  It  is  quite  possible,  therefore,  that  the 
different  effects  obtained  by  stimulating  the  central  ends  of 
the  divided  vagi  and  their  bratjches  may  arise  from  the  altered 
rhythm  of  the  afferent  impulses  acting  upon  an  automatic 
centre  already  engaged  in  action. 

But  the  most  remarkable  instance  of  iuhibition  is  offered  by 
the  heart.  It  is  found  that  if  the  peripheral  portion  of  a 
divided  pneumogastric  nerve  be  stimulated  for  even  a  short 
time  by  afaradic  current,  the  heart  is  immediately  brought  to  a 
standstill,  with  its  cavities  flaccid  and  dilated.  Here  it  is  assumed 
that  the  pneumogastric  contains  eardio-iuhibitory  efferent 
fibres.  There  are  good  grounds  for  belit-viug,  however,  that  the 
fibres  of  the  pneumogastrics  which  end  iu  the  heart  terminate 
in  local  automatic  ganglia ;  and  therefore  these  fibres  must  be 
regarded  as  interceutral,  and  not  as  true  efferent  fibres.  Hence 
the  cardio-inhibitory  actiou  of  the  pneumogastric  is  susceptible 
of  the  same  explanation  which  has  been  given  of  the  respiratory 
inhibitory  action — namely,  that  the  action  of  the  automatic 
ganglia  is  arrested  by  the  loss  of  harmony  between  the  rhythm 
of  their  action  and  the  rhythm  of  the  impulses  conveyed  to 
them  by  the  artificially  stimulated  nerve.  This  explanation  is 
much  strengthened  by  the  fact  discovered  by  M.  Onimus,  that 
by  duly  regulating  the  rhythm  of  the  galvanic  shocks  passed 
through  the  nerve  in  correspondence  with  the  cardiac  rhythm 
he  could  increase  the  number  and  power  of  the  cardiac  beats. 
The  intiuence  of  the  vaso-motor  nerves  in  causing  dilatation  of 
the  minute  arteries  is  another  striking  instance  of  an  inhibitory 
action.  The  general  iaw,  as  discovered  by  Lad  wig  and  Lov^n, 
is  that  wlieu  an  afferent  nerve  is  stimulated  there  is  reflected 
to  the  part,  along  its  vasomotor  nerves,  an  influence  by 
virhich  its  minute  arteries  are  suddenly  dilated ;  while  an  in- 
fluence is  sent  to  every  other  part  of  the  body,  which  slightly 
contracts  the  arteries  supplying  them.  There  are  good  grounds 
for  believing  that  arterial  tone  is  maintained  by  local  peripheral 
nervous  mechanisms  present  in  or  near  the  small  arteries,  which 
are  connected  by  intercentral  fibres  with  the  central  mechanism 
in  the  cord.  The  function  of  these  mechanisms,  like  the  func- 
tions of  the  local  automatic  ganglia   of  the   heart,   may    be 
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rstimulated  or  arrested  according  as  the  rliythm  of  the  impulses 
I  conveyed  to  them  from  the  centres  in  the  cord  are  in  harmony 
or  out  of  harmony  with  the  rhythm  of  their  own  actions.  Loss 
of  arterial  tone,  therefore,  does  not  require  us  to  postulate 
;  lUe  existence  of  special  iuhibilory  fibres.  Everyone  is  conscious 
of  being  able  by  an  effort  of  the  will  to  stop  reflex  movements ; 
and  when  the  brain  of  a  frog  is  removed,  reflex  actions  are 
developed  to  a  much  greater  degree  than  in  the  perfect  animal. 
If  the  optic  lobes  of  a  frog  from  which  the  cerebral  hemispheres 
have  been  removed  be  stimulated  by  placing  upon  them  a 
crystal  of  sodium  chloride,  it  will  be  found  that  the  generation 
I  of  reflex  impulses  in  the  spinal  cord  is  greatly  interfered  with — 
that  is,  the  stimulation  of  the  optic  lobes  has  inhibited  the 
reflex  action  of  the  cord.  From  these  experiments  it  his  been 
assumed  that  specific  inhibitory  centres  exist  in  the  optic  lobes. 
But  this  assumption  is  by  no  means  warranted  by  the  facts.  It 
i^  quite  possible  that  waves  of  disturbance  conveyed  along 
nfferent  reflex  nerves  to  certain  motor  cells,  may  be  met  by 
impulses  conveyed  down  through  the  ordinary  channels  con- 
oecting  these  motor  cells  with  the  higher  nerve-centres,  in  such 
a  way  that  the  one  molecular  disturbance  will  counteract  the 
other.  This  is  rendered  more  probable,  since  various  other 
iustances  may  be  adduced  to  show  that  one  nervous  action 
luterferes  with  the  execution  of  another  without  anyone  ever 
thiukiQg  of  ascribing  such  interference  to  special  inhibitory 
centres  or  fibres.  If  the  toes  of  one  leg  of  a  brainless  frog  are 
dipped  into  dilute  sulphuric  acid  at  a  time  when  the  sciatic 
nerve  of  the  other  leg  is  being  powerfully  stimulated  by  a 
faradic  current,  it  will  be  found  that  either  the  reflex  with- 
drawal of  the  foot  does  not  take  place,  or  that  the  period  of 
incubation  is  much  prolonged.  Goltz  observed  that,  in  the 
caae  of  the  dog,  micturition,  set  up  as  a  reflex  act  by  sponging 
the  anus,  was  at  once  stopped  by  sharply  pinching  the  skin 
of  the  leg.  From  these,  and  many  other  similar  examples  which 
might  be  adduced,  it  is  evident  that  two  sensory  impulses, 
arriving  at  the  same  centre  by  different  paths,  may  interfere 
with  each  other  in  such  a  way  that  either  the  one  counteracts 
the  other,  or  the  stronger  current  caused  by  the  major  disturb- 
ance drafts  ofi°  that  caused   by  the   minor  disturbance,  so  that 
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the  specific  effect  of  the  latter  does  not  take  place.  These  con- 
siderations, therefore,  tend  to  show  that  inhibition  is  not  a 
simple  but  a  derivative  function  ;  and  that,  although  it  may  be 
correct  to  speak  of  an  inhibitory  action,  this  affords  no  warrant 
for  assuming  the  existence  of  distinct  inhibitory  centres  and 
fibres. 

But  if  it  is  probable  that  this  classification  of  afferent  nerve- 
fibres  errs  on  the  aide  of  redundancy,  it  is  still  more  pro- 
bable that  it  errs  on  the  side  of  deficiency.  The  reflex  afferent 
fibres  lead  to  the  peripheral  ganglia  and  spinal  cord,  while  the 
sensory  conducting  paths,  whether  consisting  of  continuous 
fibres  or  relays  of  fibres  and  cells,  have  their  terminus  in  the 
cortex  of  the  brain.  But  a  large  number  of  the  afferent  con- 
ducting paths  terminate  in  the  basal  ganglia,  and  more  especially 
the  optic  thalamus.  The  same  set  of  fibres  may,  however, 
under  one  set  of  circumstances  conduct  impulses  to  the  cord, 
and  under  another  to  the  optic  thalamus,  so  that  there  may 
be  no  necessity  to  assume  the  existence  of  distinct  fibres  for 
conduction  to  the  latter  ganglion.  This  remark  will  not, 
however,  apply  in  the  case  of  the  cerebellum.  Conducting 
paths  must  exist  which  convey  impulses  from  the  periphery 
to  the  cerebellum  as  well  as  to  the  cerebrum  ;  hence  we  must 
assume  the  existence  of  cerebello-afferent  as  well  as  cerebro- 
afferent  fibres,  or  rather  conducting  paths,  inasmuch  as  we  do 
not  know  whether  these  channels  consist  of  continuous  fibres 
or  of  relays  of  fibr€«  interrupted  by  cells. 

fiL)  Efferent  Fibres  are  subdivided  into — (1)  Motor,  (2)  Secre- 
tory, and  (3)  Trophic  Fibres. 

(1)  Motor  Fibres. — Motor  Fibres  are  of  various  kinda  Some 
of  these  fibres  constitute  the  efferent  branch  of  the  reflex  arc  ; 
others  by  their  excitation  restrain  action,  and  hence  are  efferent 
inhibitory  fibres.  It  is  probable,  however,  that  these  fibres 
really  belong  to  the  intercentral  variety,  and  are  not  true  efferent 
fibres.  Other  fibres  are  connected  with  an  automatic  centre, 
from  which  they  convey  impulses  to  the  periphery;  hence  they 
may  be  called  automatic  fibres.  But  some  of  the  impulses 
which  are  conveyed  by  efferent  fibres  are  derived  from  still 
higher  centres,  although  it  is  doubtful  how  far  we  are  justified 
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in  usumiDg  the  existence  of  distinct  efferent  fibres  for  each 
of  these  separate  functions.  It  is  possible,  for  instance,  tbat 
the  efferent  limb  of  a  reflex  arc  may  convey  voluntary  as 
well  as  reflex  impulses.  Leaving  this  question  uiidecidetl,  we 
may  safely  say  that  some  efferent  impulses  issue  from  the 
basal  ganglia,  and  the  resulting  action  may  then  from  its  com- 
plexity be  called  compound  reflex.  Other  actions  are  guided 
from  the  centre  of  the  brain,  and  those  alone  have  a  right  to 
be  called  conscious  actions.  These  motor  actions  are  of  two 
kinds.  One  kind  is  in  relation  with  the  desires  and  appetites, 
and  the  other  in  relation  with  the  will.  What  may  be  called  the 
emotional  actions  originate  in  the  centre  and  pass  out  through 
the  basal  ganglia  and  spinal  cord;  while  the  voluntary  actions 
origioate  in  circumscribed  areas  of  the  centre,  called  psycho- 
motor centres,  and  pass  each  through  fibres  which  connect  the 
cortex  with  the  spinal  cord  without  being  interrupted  by  the 
\»aal  ganglia. 

But  this  enumeration  does  not  exhaust  the  different  kinds  of 

fibres,  or  rather  the  functions  of  those  fibres.     There  can 

doubt  that  a  large  number  of  the  movements  of  the 

!y  are  guided  through  the  cerebellum  ;  hence  it  must  be 

ed   that   there  are  cerebello-efferent  as  well  as  cerebro- 

Dl  fibres. 

(2  and  3j  The  consideration  of  the  secretory  and  trophic 
fibres  may  be  deferred  for  the  present. 


(iii)  T/ie  Intercentral  Fibres  may  be  subdivided  into  (1) 
CoTmnissural  fibres,  or  those  which  unite  ganglionic  centres  of 
the  same  order :  (2)  Centripetal  fibres,  or  those  which  convey 
inipuUes  from  a  lower  to  a  higher  centre ;  (3)  Centrifugal 
fibres,  or  those  which  convey  impulses  from  a  higher  to  a  lower 
ceotreL  The  words  "centripetal"  and  "  centrifugal"  are  gene- 
rally ased  as  synonymous  with  "  afferent "  and  "  efferent." 
Mr.  Herbert  Spencer  was  the  first  to  use  "centripetal"  in  the 
given  to  it  here,  and  it  will  conduce  to  clearness  if  a 
■ponding  meaning  be  given  to  "  centrifugal."  It  must  be 
rvmembered  here  that  in  practice  it  is  not  possible  to  draw  any 
shArp  line  of  distinction  between  the  fibres  which  connect  the 
periphery  with  the  centres  and  those  which  connect  the  centres 
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with  one  aaotlier ;  hence  it  becomes  impossible  to  apply  tbe 
terms  centripetal  and  centrifugal  always  in  the  way  iu  which 
they  are  here  defined 

jlj  19.  Constntction  of  a  Nervous  System. — Let  us  now  con- 
sider the  relations  which  the  nervous  centres  bear  to  one 
another,  and  to  the  organism  at  large ;  or,  iu  other  words,  the 
manner  in  which  the  nervous  tissues  and  mechanisms  are  put 
togetlier  to  form  a  nervous  system.  We  have  already  seen  that 
unlike  parts  have  unlike  functions,  and  for  every  distinct  part 
of  the  organism  we  may  expect  to  find  a  distinct  function, 
pre.si<ied  over  by  a  distinct  nerve-centre.  On  the  other  hand, 
wiien  the  parts  have  become  structurally  fused,  the  functions 
also  have  become  fused,  and  we  may  expect  to  meet  with  a 
similar  fusion  of  the  nerve-ct^ntres.  In  the  development  of  an 
organism  the  first  structural  contrast  arises  between  the  outer 
and  inner  surfaces,  represented  by  the  epiblast  and  hypoblast 
of  the  germ-vesicle.  The  most  fundamental  structural  and 
functional  differences  will  therefore  he  found  to  exist  between 
the  outer  system  of  organs  which  react  on  environing  agencies, 
and  the  inner  system  of  organs  which  carry  on  sustentation; 
and  we  may  expect  to  find  the  most  fundamental  structural  and 
functional  differences  between  the  nerve-centres  which  preside 
over  these  two  systems.  The  usual  classification  of  the  nervous 
system  into  cerebro-spinal  and  sympathetic  acknowledges  this 
distinction,  since  the  first  presides  over  the  actions  of  the 
external,  and  the  second  over  those  of  the  internal  organs. 

But  a  third  layer,  called  from  its  position  the  mesoblast,  is 
tormed  between  the  epiblast  and  hypoblast,  and  this  layer  gives 
origin  to  all  the  parts  of  the  body  consisting  of  connective 
tissue,  muscles,  vessels,  and  nerves,  as  well  as  to  the  urioarj' 
and  generative  organs.  The  parts  derived  from  this  layer 
serve  to  connect  the  external  and  internal  organs ;  and,  in  so 
far  as  tbe  intermediate  tissues  subserve  the  functions  of  the 
external  organs,  their  functions  are  regulated  by  the  cerebro- 
fpinal  centres  ;  and  wheu  they  subserve  the  functions  of  the 
internal  organs,  their  functions  are  regulated  by  the  sympa- 
thetic :  while,  in  so  far  as  their  function  is  intermediate  between 
the  external  and  internal  organs,  but  partially  independent  of 
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acra,  they  hare  au  iatermediate  and  partially  independent 
leprous  system,  termed  the  vaso-raotor. 

The  next  structural  peculiarity  of  the  organism,  which  we 
tftall  notice,  introduces  us  to  likeness,  instead  of  uulikeness,  in 

je  arrangement  of  parts,  accompanied  by  a  similarity  in  the 
listributioD  of  the  nervous  centres.     A  plane,  passing  longi- 
tudinally through  a  man,  and  from  front  to  back,  would  divide 
the  body  into  two  bilaterally  symmetrical  divisious.     And  what 
true  of  the  body,  as  a  whole,  is  to  the  same  extent  true  of 

Be  nervous  system,  since  the  same  plane  would  also  divide  it 

ito  two  bilaterally  symmetrical  parts.  Now,  it  may  be  laid 
do«rn  as  a  general  law,  that  when  the  actions  of  any  part  of 
organism  and  its  relations  with  other  parts  are  few  and 
Ibiform,  there  will  be  a  corresponding  simplicity  and  uniformity 
ibottt  it«  nervous  connexions ;  and  that,  on  the  other  hand,  when 
Ihe  actions  to  be  performetl  by  a  part  and  its  relations  with 
»ther  organs  are  very  numerous  and  complex,  multiformity 
and  complexity  will  characterise  its  nervous  connexions.  The 
Ijilaterally  symmetrical  viscera  can  act  with  a  large  amount  of 
independence  of  one  another.     The  kidneys,  for  instance,  act 

t«iniullaneously,  because  the  blood  conveys  to  them,  at  the  same 
lime,  the  agent  which  excites  their  functional  activity,  but  the 
Ktion  of  the  one  is  in  large  measure  independent  of  that  of  the 
Other.     It  is  dififerent,  however,  with  the  external  organs  taken 
u  a  whole.     The  two  sides  of  the  body  must  move  together, 
even  when  the  incitement  to  action  comes  from  one  side  only, 
and  the  actions  of  the  limbs  in  performing  a  definite  function, 
^kteh    a«    locomotion,    must   be   duly    co-ordinated.       These 
^Rifiierences  of  functional  interdependence  between  the  internal 
Vftud  external  bilaterally    symmetrical    organs    amongst  them- 
•elves  are  represented  by  corresponding  diflerences  of  structural 
coanexious  between  the  two  sides  of  their  respective  nervous 
I      ijtienia.     The  two  gangliated  cords  situated  on  each  side  of 
Bifce  vertebral  column,  and  which  represent   the  sympathetic 
^kyitem,  are  connected  transversely,  only  by  a  plexu-s  uf  fibres 
Vftnd  small  ganglia;  while  the  two  sides  of  the  cerebro- spinal 
cysteno  are  fused  practically  into  one  bllobed   ganglion.      In 
^bhe  spinal  cord  the  ganglionic  substance  of  each  lateral  half 
^'k  connected  not  merely  by  commissural  fibres,  but  by  a  strand 
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of  grey  matter,  which  undoubtedly  permits  much  more  nume- 
rous and  complex  connexions  to  he  formed  between  the  two 
sides  of  the  spinal  cord  than  can  take  place  between  the  sym- 
metrically placed  ganglia  of  the  sympathetic. 

The  next  structural  peculiarity  we  notice  is,  that  the  body  is 
made  up  of  a  miraber  of  segments  placed  end  on  end,  and 
there  is  a  corresponding  distribution  of  the  nervous  centres. 
That  this  is  the  case  with  the  greater  part  of  the  sympathetic 
is  readily  recognised.  Each  segment  of  the  body  is  represented 
by  a  vertebra  and  its  appendages;  and  each  vertebra  has  a 
ganglion  lying  on  each  side,  or  two  in  front  of  its  body,  one  for 
each  lateral  half  There  are  twenty-four  tnie  vertebrje,  hut 
there  are  not  twenty-four  pairs  of  sympathetic  ganglia  corres- 
ponding to  these;  because  the  three  upper  cervical  on  each  side 
have  become  fused  into  one,  while  the  two  middle  and  the  two 
lower  cervical  have  respectively  become  fused  into  one.  The 
sacrum  consists  of  five  vertebraj,  which  have  become  partially  1 
fused  into  one  piece  ;  and  there  are  usually  five  pairs  of  ganglia 
corresponding  to  them,  but  their  number  is  liable  to  variation; 
while  the  coccyx,  although  consisting  at  an  early  age  of  four  , 
pieces,  is  practically  fused  into  one  bone,  and  in  front  of  it  there  fl 
is  one,  or  at  most  two,  ganglia.  The  cranial  bones,  according  ™ 
to  some  anatomists,  represent  three  vertebra,  which  have 
become  variously  modified  and  fused  in  the  course  of  develop- 
ment; but  the  sympathetic  ganglia  corresponding  to  these 
cannot  be  separately  traced.  It  is  probable  that  they  have 
become  fused  partly  with  the  large  upper  cervical  ganglion,  and 
partly  with  the  medulla,  in  order  that  the  whole  system  may 
be  brought  into  relation  with  the  higher  centres  of  the  cere 
spinal  system. 

But  the  internal  orsans  in  the  different  segments  of  the 
body  are  neither  structurally  nor  functionally  separate,  and  we 
may  therefore  expect  that  the  ganglia  in  each  will  be  con- 
nected with  those  of  the  segment  above  and  below  it ;  so  that 
all  of  them  will  form  a  chain  of  ganglia,  longitudinally  as  well 
as  transversely  connected. 

But  the  functions  of  the  internal  organs  are  relatively  simple. 
In  the  digestive  organs,  for  instance,  the  same  series  of  processes 
have  to  be  gone  through  after  every  meat,  varying  only  with  the 
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quantity  and  quality  of  the  food.  And  this  simplicity  of  func- 
tional interdependeiice  is  represented  by  correspondingly  simple 
interganglionic  conne.xions.  The  maia  connexion  between  the 
ganglia  is  represented  by  a  cord  formed  of  a  bundle  of  fibres 
passing  down  on  each  side  of  tlie  vertebral  column,  and  uniting 
the  homologous  ganglia  with  one  another ;  and  when  the 
connexion  requires  to  be  closer,  as  when  a  large  organ  occu- 
pies several  segments  of  the  body,  it  is  effected  by  the  plexus 
already  mentioned. 

^20.  Fit»ion  of  Xerve-Centrea. — The  relations  between  the 
srent  segments  of  the  trunk  and  the  different  parts  of  the 
^ro-spinal  system  are  not  ea.sily  made  out  in  man.  In 
the  articuiata,  on  the  other  hand,  the.se  relations  are  readily 
detected,  since  a  bilobed  nerve-centre  is  found  in  each  segment 
of  the  body,  forming  a  chain  of  ganglia  connected  longitudinally 
by  a  donble  cord.  In  these  creatures,  however,  even  the  actions 
of  the  organs  of  external  relation  of  each  segment  possess  a  con- 
liiierable  amount  of  independence  of  the  actions  of  the  external 
otgnnsof  other  segments.  In  the  higher  animals  the  general 
ictions  of  the  external  organs  are  closely  dependent  upon  one 
lolber.  The  body  must  move  as  a  whole;  and,  allLough  the 
rt«bral  column  maintains  its  segmented  character,  yet  during 
motioD  it  is  kept  rigid  by  muscles,  especially  in  man,  so  as 
lie  practically  one  piece.  And  corresponding  to  this  fusion 
ibe  functions  of  the  external  organs  there  is  a  corresponding 
ioD  of  their  nerve-centres.  The  nerve-centres  of  each  seg- 
ment are  united  with  those  above  and  below  them,  not  simply 
>J  bundles  of  fibres,  but  by  ganglionic  substance.  In  the  liunian 
inl,  for  instance,  the  grey  mutter  of  each  lateral  half  is  cou- 
iiQous  from  the  lower  end  up,  not  merely  to  the  medulla,  but 
h  the  grey  matter  of  the  floor  of  the  fourth  ventricle,  and 
'jurrouudiug  the  aqueduct  of  Sylvius  to  the  grey  matter 
iouog  the  third  ventricle.  By  this  means  the  ganglia  of  the 
i^ienta  have  become  so  fused  longitudinally  and  laterally, 
•W  the  grey  matter  of  the  cord  forms  a  continuous  tube 
Uteoding  from  the  conus  meduUaris  to  the  tuber  cinereum. 
Ooe  oonaequence  of  this  fusion  of  homologous  ganglia  is,  that  the 
pwts  of  the  cord  which  correspond  to  the  different  segments  of 
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the  body  have  undergone  considerable  displacement.  The  cord 
usually  ends  at  the  lower  border  of  the  body  of  the  first  lumbar 
vertebra,  but  the  nerves  which  descend  to  pass  out  through  the 
remaining  lumbar  intervertebral  foramina,  and  through  the 
anterior  sacral  and  coccygeal  foramina,  show  that  the  lower  part 
of  the  cord  presides  over  the  functions  of  the  lower  segments  of 
the  body,  although  it  has  by  the  approximation  and  fusion  of 
the  homologous  centres  suffered  considerable  longitudinal  dis- 
placement. 

We  have  just  seen  that,  when  the  actions  of  a  part  are 
numerous  and  complex,  multiformity  and  complexity  will 
characterise  its  nervous  connexions ;  and  we  must  now  notice 
that  along  with  multiformity  and  complexity  of  nervous  con- 
nexions there  must  go  increasing  massiveness  of  nerve-centrei 
The  large  size  of  the  cerebro-spinal  nervous  system  which  co- 
ordinates the  numerous  and  complex  actions  of  the  organs  of 
external  relation,  in  comparison  with  the  size  of  the  sympathetic 
system  which  co-ordinates  the  simple  and  uniform  actions  ofd 
the  organs  of  internal  relation,  may  be  mentioned  as  an  illu* 
tration  of  this  law. 

Other  examples  of  the  law  are  met  with  on  comparing  different! 
parts  of  these  systems  with  one  another;  such,  for  instance, 
the  cervical  and  lumbar  eidargements  of  the  cord,  where  lh« 
complicated  movements  of  the  limbs  are  primarily  co-ordinated 
in  comparison  with  the  remaining  portions  of  it,  where  the" 
simpler  actions  of  the  muscles  of  the  trunk  are  co-ordinate<l. 
But  the  most  striking  contrast  in  size  exists  between  the  cepbalii 
and  vertebral  portions  of  the  cerebro-spinal  system — a  contr 
so  remarkable  tliat  it  deserves  special  examination. 

One  reason  of  the  large  size  of  the  cephalic  portion  is  tba 
the  impressions  conveyed  from   the  surface  by  the  nerves 
special   sense   are   first  co-ordinated   by  it ;  and   since   the 
impressions  are  much  more  numerous  and  cotnplicated  tha^ 
those  conducted  by  the  cutaneous  nerves,  larger  nerve-centr 
are  required  for  their  co-ordination. 

As  I  sit  in  my  study,  I  receive  tactual  impressions  from  th^ 
chair  on  which  I   sit,  and  from  various  other  objects  whici 
surround  me ;  but  on  looking  out  of  my  window  the  impression 
received  by  my  eyes  are  almost  infinitely  numerous  and  cor 
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X.     I  see  what  I  judge  to  be  green  fields,  houses,  horses, 
tie,  men,  and  women,  and  on  looking  up  to  the  sky  I  am 
foundly  affected  by  an  object   which  I  know  by  indirect 
oning  to  be  millions  of  miles  from  me.     The  centre,  there- 
,  which  co-ordinates  the  numerous  and  heterogeneous  ira- 
issions  conveyed  by  the  optic  nerves  must  be  much  larger 
,n  those  which  co-ordinate  the  comparatively  few  and  uniform 
pressions  conveyed  by  the  cutaneous  nerves.     As  a  proof  of 
lis  may  be  cited  the  fact  that,  in  the  lower  animals,  the  first 
haJic  enlargement,  termed  the  optic  lobes,  takes  place  in 
oexion  with  the  central  end  of  the  optic  nervea     The  im- 
pressions conveyed  by  the  other  nerves  of  special  sense  are  less 
onmerous,  and,  with  the  exception  of  the  auditory  nerves,  much 
ijgm  oumerous  than  those  conveyed  by  the  optic  nerves  ;  but 
Bey  are  more  numerous  and  complex  than  those  conveyetl 
fiy  the  cutaneous  nerves,  and,  other  things  being  equal,  require 
^arger  centres  for  their  co-ordination. 

H  So  far  we  have  only  spoken  of  single  centres  correspondiog 
~to  the  different  segments  of  the  body,  and  of  the  fusion  of  these 
cvoires  iuto  bilobed  ganglia  and  continuous  masses.  But  in  tlie 
cuiiree  of  development  superior  centres  arise,  which  co-ordinate 
»nJ  control  the  inferior  centres;  but  before  a  superior  can  con- 
Ifol  inferior  centres  there  must  be  a  nervous  connexion  between 
ibtrn ;  hence  the  superior  centre,  which  has  to  co-ordinate  the 
>aa  of  a  large  number  of  inferior  centres,  must  be  more 
'  e  than  each  of  the  latter.  In  the  higher  animals  not 
do  wc  meet  with  compound  co-ordinating  centres,  but  we 
meet  with  doubly-compound,  and  probably  even  Irebiy- 
d  co-ordinating  centres,  each  of  them  increasing  in 
en««  according  to  its  position  in  the  ascending  scale  «f 
mplexity.  Now,  in  the  lower  animals  the  cephalic  extremity 
move  foremost  and  to  encounter  dangers,  and  it  therefore 
ea  the  end  to  which  the  actions  of  the  rest  of  the  organism 
Qit  be  subordinated ;  hence  the  compound  co-ordinating  centres 
a»l  necessarily  be  aggregated  in  this  extremity.  If,  then,  it  is 
Diuidered  that  not  only  the  simple  centres,  which  primarily 
rdinate  the  impressions  conveyed  by  the  nerves  of  special 
but  also  the  compound  and  doubly-compound  centres, 
co-ordinate  all  the  impressions  of  external  agencies  on 
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the  organism  with  one  another,  and  determine  the  reactions 
of  the  organism  as  a  whole  to  external  agencies,  are  lodged  in 
the  cephalic  extremity  of  animals,  it  will  be  at  once  apparent 
why  the  cephalic  is  so  much  more  massive  than  the  vertebral 
portion  of  the  cerebro-spinal  nervous  system. 

§  21. — Encepkalo-Spinal  System. — These,  then,  are  the  main 
laws  which  regulate  the  construction  of  a  nervous  system,  and 
before  proceeding  further  it  will  be  useful  to  obtain  a  general 
view  of  the  leading  features  of  the  structure  of  the  enceplialo- 
spinal  system.  The  gangiioii-cclls  of  ibis  system  are  collected 
into  five  principal  masses  of  grey  matter: — (1)  The  cortex  of  the 
cerebral  hemispheres;  (2)  the  basal  ganglia;  (3)  the  cortex  of  the 
cerebellum;  (4)  the  grey  matter  of  the  corpora  dentata  of  the 
cerebellum,  with  which  may  be  associated  the  olivary  bodies  of  the 
medulla  and  the  red  nuclei  of  the  tegmenta ;  and  (5)  the  tubular 
mass  of  grey  matter  which  extends  from  the  tuber  cenereum  to 
the  conus  meduUaris  of  the  spinal  cord.  Seeing  that  the  central 
grey  tube  of  the  spiual  cord  enters  into  connexion  with  the 
grey  substance  of  both  the  cerebrum  and  cerebellum,  the  en- 
cepbalo-spinal  system  may  bo  subdivided  into  the  cerebro-spinal 
and  cerebello-spina!  systems  ;  and  even  if  the  latter  of  these 
two  systems  is  to  some  extent  subordinate  to  the  former,  it  is 
largely  independent  of  it,  and  consequently  the  two  may  be 
regarded  as  performing  co-orJinate  functions. 

§  22.  Oerehv-SpiTud  S>/ateTn. — Let  ua  return,  in  the  first 
place,  to  the  general  structure  of  the  cerebro-spinal  system. 
The  accompanying  diagram  from  Landois'  "  Physiologic"  is  a 
schematic  representation  of  the  cerebro-spinal  system.  The 
cortex  of  the  brain  is  represented  by  (C  C) ;  the  basal  ganglia 
are  represented  by  (C  s),  the  caudate  nucleus  of  the  corpus 
striatum;  (N  I)  the  lenticular  nucleus;  (To),  the  optic  tha- 
lamus; and  V,  the  corpora  quadrigemina.  The  tegmentum  and 
crusta  are  represented  respectively  by  H  and  P.  Tiie  crura  are 
represented  by  P;  while  R  represents  a  section  of  the  spinal 
cord,  and  h  W  and  v  W  the  posterior  and  anterior  roots  of  the 
peripheral  nerves  respectively.  The  central  grey  tube  extends 
from  P  to  R.    The  fibres  (c  c)  and  (a  a)  represent  intercentral 
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to.  2.  Scheina  of  the  Cir^o-Spina)  Sjiaem  (From  LandoU'  "  PhyMolo^e"). — 
C,  C,  Cortex  of  tbe  Brkin;  C  f ,  CorpiiH  Ktriutum;  N  I,  liVnticul&r  Nucleua; 
T  0,  Oplic  Tbaluniu;  V,  Corpora  Qa»i1rt|,'euiiiia;  }',  Crura  Cerebri;  H, 
Tegmentum;  p,  Crustat  1  1,  Kadiato  Fibres  of  the  Corpus  Striatum;  2  2, 
itvMC  of  the  Lenticular  Nucleus  ;  3  S,  those  of  the  Optic  Thalamus  ;  4  i,  those 
ct  the  Corpora  Cjuadrigemiaa.  fi  6,  the  I'yramidal  Tract.  6  0,  Fibres  con- 
nectine  the  Corpora  (juadrigemina  and  Tegmentum  ;  m,  their  further  course. 
S  8,  Fibnw  connecting  the  &>rpua  Striatum  and  Lenticular  Nucleus  with  the 
Criuta -,  M,  their  further  oourrn.  S,  S,  course  of  the  Sensory  Fibres,  li, 
TmuTetse  Section  of  th«  Spinal  Cord  ;  r  W,  Anterior,  and  A  W,  Posterior 
Roots  of  th«  Nerves,  n,  o,  associating  Fibres:  e,  e.  Commissural  Fibres. 
II,  Transverse  Section  through  the  Crura  C«rebri  of  Man  on  a  level  with  tbe 
noaterior  pair  of  the  Corpora  Quadrigemina  (after  Sleynert) ;  ;i,  Crunta  ;  S, 
Locos  Niger ;  i-,  the  jjosterior  pair  of  the  Corpora  Quadrigemina  with  the 
Aqueduct  of  Sylvius.  Similar  aeotions  fromtbs  Crura  of— III,  l>og  ;  IV, 
Uozkkey ;  V,  Guinea  PIk- 
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fibres,  the  former  connecting  points  in  one  hemispliere  with 
analogous  points  in  the  other ;  while  the  latter  connect  different 
points  of  the  same  hemisphere. 

If  with  Meynert  we  take  our  point  of  departure  from  the 
cortex  of  the  cerebrum,  and  if,  like  him,  we  regard  as  the 
object  of  all  nervous  action  the  projection  of  the  image  of  the 
various  forms  of  sensory  impressions  derived  from  the  external 
world  upon  the  cortex,  the  fibres  which  radiate  from  the  latter 
to  the  basal  ganglia,  those  which  unite  the  basal  ganglia  wiih 
the  cord,  and  the  peripheral  nerves,  may  together  be  called  the 
"  projection  system." 

(1)  Inner  Systetn  of  Projection. — The  inner  system  of  pro- 
jection, or  the  corona  radiata,  is  represented  in  Fig.  2  by 
fibres  (11)  connecting  the  cortex  of  the  brain  and  the 
caudate  nucleus :  and  by  fibres  (2  2),»  (3  3),  and  (4  4)  oon- 
necting  the  cortex  with  the  lenticular  nucleus,  optic  thalamus, 
and  corpora  quadrigemina  respectively.  Of  these  the  fibres 
which  connect  the  corpora  quadrigemina  and  optic  thalamus 
with  the  cortex  convey  impulses  towards  the  latter,  and  are 
therefore  centripetal ;  while  those  which  connect  the  cortex  and 
the  caudate  and  lenticular  nuclei  convey  impulses  from  the 
cortex  outwards,  and  are  tlierefore  centrifugal. 

(2)  MiiUlle  System  of  Projection. — The  second  system  of 
projection  connects  the  basal  ganglia  with  the  central  giey  tube. 
It  will  be  observed  that  the  fibres  (7)  and  (C  G),  which  connect 
the  thalamus  and  corpora  quadrigemina  respectively  with  the 
central  grey  tube,  join  the  latter  through  the  tegmentum  (H) ; 
while  (8  8),  the  fibres  which  connect  the  caudate  and  lenticular 
nuclei  with  the  central  grey  tube,  join  the  latter  through  the 
crusta.  The  fibres  which  pass  through  the  tegmentum  (6  6) 
and  (7)  are  afferent,  and  are  continued  through  the  cord  on  the 
same  side  (m),  but  finally  cross  to  the  opposite  side,  near  the 
level  at  which  the  peripheral  nerve  joins  the  central  grey  tube ; 
while  the  fibres  (8  8),  which  pass  through  the  crusta,  are 
efferent,  and  are  represented  in  the  figure  as  crossing  over  to 
the  opposite  side  at  the  lower  part  of  the  medulla,  and  as 
being  then  continued  onwards  (M)  in  the  opposite  half  of 
the  cord.  It  is,  however,  very  doubtful  whether  these  fibres 
dp.'cross^n  .thaJojver:part  of  the  medulla.     The  fibres  which 
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o  the  medulla  appear  all  to  belong  to  the  gystem  of 
Dt»res  which  connect  the  cortex  of  the  brain  directly  with  tlie 
central  grey  tube,  and  which  will  be  immediately  described 
under  the  name  of  the  "  pyramidal  tract" 

(3)  Older  Si/stevi  of  Projection. — The  third  system  of 
projection  is  constituted  by  k  W  and  v  W,  the  posterior  and 
anterior  roots  of  the  peripheral  nerves,  the  former  being  afferent 
and  the  latter  efferent 

(4)  Optic  RadiatioTis  of  Gmtiolet. — Tt  will  be  seen,  how- 

tever,  that  the  fibres  which  connect  the  cortex  of  the  brain  and 
tthe  central  grey  tube  are  not  yet  exhausted.  It  will  be  ob- 
Cobserved  that  (S)  and  (5  5)  represent  fibres  which  coDoect  these 
■centres  without  being  interrupted  by  the  basal  ganglia.  The 
fibres  represented  by  (Sj  issue  from  the  convolutions  of  the 
occipital  lobe,  and  converge  towards  the  fwsterior  portion  of 
the  internal  capsule — the  white  substance  which  lies  between 
the  thalamus  and  caudate  nucleus  on  the  one  hand,  and  the 
lenticular  nucleus  on  the  other — where  they  constitute  one 
bundle  of  fibres  which  has  been  called  the  optic  radiations  of 
Gratiolet,  infter  the  anatomist  who  first  described  it  This 
bundle  is  frequently  destroyed  by  disease  of  the  internal  cnpsnie, 
when  loss  of  feeling  of  the  opposite  side  of  the  body  results. 
These  fibres  ought  to  be  represented  as  passing  through  the 
tegmentum,  instead  of  the  crusta,  as  in  the  figure;  but  whether 
they  are  continued  onwards  through  the  cord  by  fibres  distinct 
from  those  which  connect  the  cord  and  the  thalamus  is  not 
known.  There  are  no  grounds  for  believing,  however,  that  all 
these  fibres  cross  in  the  medulla,  as  they  are  represented  as 
doing  in  the  figure.  It  is  more  probable  that  they  cross  to  the 
opposite  side,  on  a  level  with  the  point  at  which  the  peripheral 
nerve  with  which  they  are  connected  joins  the  cord. 

(5)  Pi/ramidal  Tract. — The  fibres  represented  by  (5  5  M) 
Lame  from  the  convolutions  of  the  middle  lobe  of  the  brain,  and 
cooverge,  on  descending,  until  they  form  one  bundle  which 
occapies  about  the  middle  third  of  the  internal  capsule.  These 
fibres  proceed  downwards  without  being  interrupted  by  the  basal 
gmnglia,  and  occupy  the  middle  third  of  the  crusta  {Fig  5,  j)  p'), 
where  they  still  form  one  bundle.  In  the  pons  these  fibres  are 
split  up  into  several  bundles  by  the  transverse  fibres  of  the  middle 
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peduncles  of  the  cerebellum;  but  they  come  together  again  to 
form  one  bundle  in  the  medulla,  where  they  constitute  the  ante- 
rior pyramid.  At  the  lower  part  of  the  medulla  the  greater 
number  of  these  fibres  cross  over  to  the  opposite  side,  and  are 
also  directed  backwards  so  as  to  form  tlie  posterior  part  of  the 
lateral  column  of  the  cord  {Fig  4,  p  p'),  where  some  of  these 
fibres  are  continued  onwards  to  the  lower  end  of  the  central 
grey  tube.  A  small  number  of  these  fibres  do  not  cross  in  the 
medulla,  but  are  continued  downwards  in  the  cord  in  the 
anterior  column  close  to  the  median  fissure,  constituting  the 
column  of  Tiirck  {Fig  4,  T).  Inasmuch  as  these  fibres  form 
tho  autorior  pyramids  of  the  medulla,  they  are  called  the 
pyramidal  tracts.  A  transverse  section  of  the  crura  cerebri  of 
man  is  represented  in  Fig.  (2,  II),  on  a  level  with  the  posterior 
pair  of  the  corpora  quadrigemina  (testes),  p  represents  the 
crusta,  8  the  substantia  nigra,  v  the  corpora  quadrigemina 
and  the  aqueduct  of  Sylvius,  while  the  tegmentum  lies  between 
that  and  the  locus  nigcr.  In  Fig.  (2,  III,  IV,  V)  similar 
sections  are  represented  respectively  of  the  crura  of  the 
dog,  ape,  and  guinea  pig.  It  has  been  observed  by  Meynert 
that  the  relative  sizes  of  transverse  sections  of  the  crura 
in  different  animals  bear  a  close  relationship  to  the  rela- 
tive sizes  of  their  brains.  It  would  not  be  safe  to  draw  any 
general  conclusion  from  such  a  comparison  as  is  here  made  with 
sections  of  the  crura  in  different  animals ;  but  everyone  must 
he  struck  with  the  enormous  relative  bulk  of  the  crusta  in  the 
crura  of  man — a  fact  which  is  of  very  great  significance  when  it 
ia  considered  that  the  pyramidal  tract  passes  through  it,  the 
fibres  of  this  tract  being  almost  certainly  those  which  convey 
the  voluntary  impulses  from  the  cortex  to  the  central  grey 
tube. 


I 
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§  23.    The   CereheUo- Spinal  System   is   much   less   surely  j 
known  than  the  cerebro-spinal,  and  the  following  schema  must  j 
be  takeu  to  represent,  along  with  a  few  certainties,  a  con- 
siderable number  of  conjectures. 

The  cerebellum  consists  of  a  body  and  three  pairs  of  crura,  I 
by  means  of  which  it  is  connected  with   the  rest  of  the  en- 
cephalo-spinal  axis.     The  grey  substance  of  the  cerebellum  is 
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'.J.  flehrma  0/ Oie  Cerfbello-SpiiuU  Sjfitrm.—C,  C,  Cortex  of  the  Cerebelhim . 
D,  I),  Curpt'ra  Dentata.  U,  U,  Oliv&ry  Bodies.  R,  Hed  NucU'Os  of  Teuaivn- 
tom.  P,  (Irey  mHttvr  interposed  between  tr&nsverae  Fibres  of  ihe  Poos.  CK, 
Crura  OrrbrL  c,  Cruiita.  8,  SubstaalU  Nigra.  T,  Tej^rntum.  A,  A()(te- 
duct  of  Sylvitu.  1,  Fibres  which  connect  the  cortex  of  the  (.'erebnim  and  that 
of  the  Crrehellum  on  the  opposile  side.  2,  2,  Fibres  connecting  the  Cortex  of 
CnvbeUam  and  K<rd  Nucleus  of  the  oppoaite  side.  3,  3,  Fibres  connecting  the 
Corpoa  Uealatuui  of  the  Cerebellum  with  the  Red  Nucleus  of  the  oppoxite 
■dcL  4,  4,  Fibres  connectisK  the  fJortex  of  the  Cerebellnio  with  the  ('orpua 
Dcatatum.  5,  Fibres  connecting  the  Cortex  of  the  Cerul>elluiu  with  Urey 
nlxtiuvce  interposed  between  the  trnnsverae  Fibres  of  the  Pons  on  the  opihi- 
■tc  siile.  C,  Fibres  connecting  the  Corpus  Dentutum  with  the  Ulivary  body 
0^  the  opposite  side.  7,  Fibres  connecting  the  Cortex  of  the  Cerebellum  with 
the  Olivary  Ixxly  of  the  oppoaite  side.  8,  8,  Fibres  connecting  the  Kcii 
Ii'aoleus,  V,  9,  those  connectiuj^  the  interposed  Grey  substance  of  the  Poiih, 
and  V,  tbi«e  connecting  the  Olivary  Ixidy  respectively  with  the  anterior  Grey 
Mum  of  the  Spinal  Cord.  M,  The  Anterior  Column  of  the  cord  through  wMch 
the  filires  paos.  g,  Column  of  Goll  trrmiuating  in  c  n  the  Clavnte  Nucleus. 
10.  Arcuate  Fibrea  connecting  the  Clavate  Nucleus  with  the  Olivair  body  of 
the  aalue  side,  p  r,  The  Posterior  Root-Zone  terminating  in  tn,  the  1  riangular 
farleus.  11,  Arcuate  Fibres  connecting  Triangular  Nucleus  and  Ulivar>'  boity 
Ttame  side,  tic,  <le.  Direct  Cerebellar  Fibres  ascending  in  the  lateral  column 
!  the  cin-d  and  connecting  the  vesicular  column  of  Clarice  with  the  Cortex  uf 
tba  Cerebellum. 
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olivary  bodies  {,-t  uj.  ■i,  U)  ot  the  meuulla  and  i 
{Fig.  3,  R)  of  the  tegmentum  are  similar  io  ■ 
dentate  nuclei,  and  they  are  also  closely  con-   " 


I 


found  in  tlte  cortex  {Fig.  3,  C  C)  and  in  the  dentate  nuclei 
{Fig.  3,  D  D),  and  in  the  roof  nuclei  of  Stilling,  the  latter  of 
which  we  may  neglect  at  present,  both  because  they  are  small 
and  because  very  little  is  known  with  respect  to  their  connec- 
tions. But  the  olivary  bodies  {Fig.  3,  0)  of  the  medulla  and 
the  red  nucleus 
structure  to  the 

nected  respectively  with  the  inferior  and  superior  peduncles  of 
the  cerebellum,  so  that  it  is  almost  certain  that  they  belong 
to  the  cerebellar  system.  To  these  structures  may  be  added 
the  grey  substance  interposed  between  the  fibres  of  the  middle 
peduncles  of  the  cerebellum  as  they  pass  in  front  of  and  into 
the  substance  of  the  pons,  which  is  represented  by  (P)  in  the 
figure,  and  which  may  be  called  the  anterior  grey  substance 
of  tlie  pons. 

(1)  Intermediate  Qanglia  of  Cerebellum. — The  dentate  nuclei 
(D  D),  the  olivary  bodies  (0  0),  the  red  nuclei  (R),  and  the  an- 
terior grey  substance  of  the  pons  (P),  bear  the  same  intermediate 
relationship  to  the  cortex  of  the  cerebellum  and  the  spinal  cord  ■ 
that  the  basal  ganglia  bear  to  the  cortex  of  the  cerebrum  and 
the  cord;  hence  they  may  be  briefly  termed  the  intermediate  i 
ganglia  of  the  ccrebollo-spinal  system.  ■ 

(2)  Cerebellar  Projection  System.  —  Following  then  the 
nomenclature  of  Meynert,  the  fibres  which  connect  the  cortex 
of  the  cerebellum  with  the  intermediate  ganglia  may  be  called 
the  inner  system  of  projection ;  those  which  connect  the  inter- 
mediate ganglia  with  the  spinal  cord,  the  middle  system  of 
projection,  and  the  peripheral  nerves,  themselves  form  the  outer 
system  of  projection  for  the  cerebellum  as  well  as  for  the 
cerebrum. 

(3)  Cerebellospinal  Conducting  Pallia. — The  inner  system 
of  projection  is  formed  by  the  fibres  which  connect  the  cortex 
of  the  cerebellum  with  the  dentate  nucleus  (-I  4),  ttioae  which 
connect  the  cortex  with  the  red  nucleus  (2),  the  anterior  grey 
substance  of  the  pons  (5),  and  the  olivary  body  (7),  all  of  the 
opposite  side.  To  the  same  system  of  fibres  belong  those  (3  3) 
which  connect  the  dentate  nucleus  with  the  red  nucleus,  and 
(0)  with  the  the  olivary  body  of  the  opposite  side.  The  middle 
system  of  projection  is  less  known  than  the  inner  system.    But 
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■ince  the  olivary  body,  the  anterior  grey  substance  of  the  pons, 
»nd  the  red  nucleus  of  the  tegmentum  are  closely  connected  with 
the  anterior  white  columns  of  the  cord  (M)  and  their  continua- 
tion through  the  medulla  oblongata,  pons,  and  crura,  it  may 
l>e  inferred  that  the  efferent  impulses  from  the  cerebellum  are 
conveyed  through  these  columns  which  are  known  to  be  motor 
in  their  functions ;  hence  the  efferent  portion  of  the  middle 
projection  of  the  cerebello-spinal  system  is  represented  by  9  9' 
and  9'  which  connect  the  red  nucleus,  the  anterior  grey  sub- 
stance of  the  pons,  and  the  olivary  body  respectively  with  the 
anterior  horns  of  the  central  grey  tube. 

(4)  Posterior  Root  Zones  aiid  Column  of  Goll. — The  afferent 
portion  of  the  middle  projection  system  still  requires  notice. 

I  Between  the  posterior  roots  {Fig.  3,  p)  of  the  spinal  nerves 
And  the  posterior  median  fissure  lies  the  posterior  white  column, 
which  is  divided  into  two  portions  ;  an  inner  wedge-shaped  por- 
tion called  the  column  of  Goll  (Fig.  4,  G),  the  fibres  {Fig.  3,  g) 
of  which  ascend  to  terminate  in  a  grey  nucleus  called 
|he  clavate  nucleus  {Fig.  3,  c  n) ;  and  an  outer  portion  called 
the   posterior   root-zone   {Fig.  4,  p  r),   the   fibres  of  which 


Fio.  4. 


'la.  4.  Ccrd  of  Human  Bmhrfto  at  fitt  montkt. — oA,  ah'.  Anterior  Homi  of  grey 
•uhsUuice ;  ph,  lilt',  Pueterior  Hortu  of  grey  luhatance;  ar,  ar'.  Anterior  Root- 
Zoiim;  pr.  pr'.  Poaterior  lloot-Zones;  J*,  P,  Pyrunidkl  Fibrse  of  Uterki 
column*  i  r,  CLlumni  of  TUrvk  ;  G,  Columiu  of  GoU  ;  dc,  <U,  Direct  oetebellar 
tibnsa  ;  t,  Antorior  Conumaaure. 
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(Fig.  5,p  r)  also  ascend  (although  probably  in  a  succession  of 
loops  instead  of  continuously)  to  terminate  at  the  lower  end  of 
the  medulla  in  a  grey  nucleus  termed  the  triangular  nucleus 
{Fig.  3,  (  n).  From  the  clavate  and  triangular  nuclei  fibres 
{Fig.  3,  10,  11)  issue  which  end  in  the  olivary  body  of 
the  same  side ;  so  that  through  the  medium  of  these  nuclei 
and  the  olivary  body,  some  at  least  of  the  fibres  of  the 
posterior  column  form  a  crossed  connection  with  the  cortex 
of  the  cerebellum ;  and  these  fibres  very  probably  consti- 
tute the  afferent  portion  of  the  middle  system  of  projection 
of  the  cerebellum.  The  outer  system  of  projection  is  formed 
by  the  nerves,  and  all  that  need  bo  said  respecting  it  is  to 
remind  the  reader  that  the  peripheral  nerves  must  convey 
afferent  and  efferent  impulses  to  and  from  the  cerebellum,  as 
well  as  to  and  from  the  cerebrum,  and  even  if  it  be  shown  here- 
after that  the  same  fibrea  execute  both  functions,  yet  the 
existence  of  the  former  function  should  not  be  overlooked  and 
merged  in  the  more  conspicuous  phenomena  which  attend  the 
latter  function. 

(5)  Fibres  connecting  the  Cer^ellum  and  Cerebrum.— Two 
other  conducting  paths  in  connection  with  the  cerebellum  have 
still  to  be  noticed.  One  of  them  springs  from  the  cortex 
(Fig.  3,  1,  1),  ascends  in  the  superior  peduncle,  crosses  over  to 
the  opposite  side  in  the  tegmentum,  and  ascends  through  the 
internal  capsule  to  reach  the  cortex  of  the  cerebrum,  thus 
forming  a  straight  connection  between  the  two  superior 
ganglionic  centres.  It  is  also  probable  that  an  interrupted 
connection  exists  between  the  two  through  the  medium  of  the 
red  nucleus  and  the  optic  thalamus.  The  decussation  of  the 
fibres  of  the  superior  peduncles  of  the  cerebellum  is  represented 
in  Fig.  5,  x,  which  also  shows  the  position  of  the  red  nuclei 
(R  R')  of  the  tegmentum. 

(6)  Direct  Cerebellar  Fibres. — The  second  conducting  path  is 
one  which  issues  from  the  centra!  grey  tube  at  the  junction  of  the 
anterior  and  posterior  grey  boms,  and  the  fibres  (Fig.  3,  d  c,  d  c) 
of  which,  after  passing  outwards  to  reach  the  surface  of  the  lateral 
column  of  the  cord  (Fig.  4,  d  c),  ascend  and  pass  through  the 
restiform  bodies  to  gain  the  cortex  of  the  cerebellum.  These 
fibres  form  a  straight  connection  between  the  cortex  of  the 
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cerebellum  and  iLe  central  grey  tube,  without  being  interrupted 
by  grey  substance,  and  they  are  conseqiiently  called  the  direct 
cerebellar  fibres.    Their  functions  appear  to  be  afferent. 

§  24.  Functions  of  Encephalo-spinal  SijBtem. — With  respect 
to  the  functions  of  the  encephalo-spinal  system,  all  recent 
researches  have,  in  my  opinion,  tended  to  confirm  Mr.  Herbert 
Spencer's  hypothesis,  "that  the  cerebellum  is  an  organ  of 
doubly-compound  co-ordination  in  space,  while  the  cerebrum  is 
an  organ  of  doubly-compound  co-ordination  in  time."  This 
Lypothesifl,  originally  stated  in  very  general  terms,  has  been 
adopted  by  Dr.  Hughlings  Jackson,  and  applied  by  him  with 
wonderful  fertility  of  resource  to  the  explanation  of  the 
phenomena  of  disease. 

Fio.  5. 


Tn,  9.  Ontm  Cirrf/pi.  — Traniivenie  Section  of  the  Crur»  Cerebri  on  a  level  with 
the  uaterior  pur  of  the  Corpora  QuadrigKinina  :  from  a  nine-monthj  human 
(fmhiyo.  The  dark  portions  represent  Atedullated  Fibre*.  <,  Aqueduct  of 
SUvitu ;  V.  '/■  Antenor  puir  of  Corpora  Qiiadri^emina  ;  ;)/.  p/',  Fascicali  of 
Medollated  Fibre*  prnctediuK  to  the  anteri'ir  pair  of  Corpora  QiiadriKemina; 
L,  L',  Posterior  I>)Dgitudinal  FaacicuU  ;  V,  V,  portions  of  these  Faidculi 
which  iiiin  the  posterior  commissure  of  the  third  ventriole;  p,  i/.  External 
Geniculate  Bodiea  ;  a/,  a/'.  Anterior  portion  of  Fillet ;  n,  n',  .Suhiit&ntia  Nigra  ; 
R.  It',  Red  Nuclei ;  p,  //,  Pyramidal  Tract ;  e,  d,  Crustie ;  3,  3',  Third  pair 
of  Nerves ;  r.  Decussation  in  front  of  the  Aqueduct  of  Sylvias,  which  is  p*rt 
of  the  interlacement  of  the  Tegmcntimi. 
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According  to  this  theory,  the  cerebellum  regulates  the  mus- 
cular contractions  necessary  for  the  maintenance  of  all  our 
altitudes  in  space,  while  the  cerebrum  regulates  the  contractions 
necessary  to  effect  all  the  changes  of  attitude  which  are  made 
io  response  to  the  successive  impressions  occurring  in  time. 
Now,  80  long  as  a  particular  attitude  is  maintained  in  oppo- 
sition to  gravity  and  other  forces,  the  contractions  of  the 
various  groti  ps  of  muscles  concerned  must  be  continitmis  and 
in  equilibrium  with  one  another;  while  each  change  of  atti- 
tude necessitates  the  overthrow  of  this  equilibrium,  involving 
the  preponderance  of  the  contractions  of  some  groups  of 
muscles  over  those  of  others,  so  that  change  of  attitude  in- 
volves alternaie  muscular  contractions  and  relaxations.  Speak- 
ing broadly,  then,  the  cerebellum  regulates  continuous  or 
tonic  muscular  contractions,  while  the  cerebrum  regulates 
alternate  or  clonic  contractions.  It  will  be  seen,  therefore, 
that  every  compound  muscular  adjustment  necessitates  the 
co-operation  of  both  these  organs.  No  change  of  attitude 
can  be  effected  by  the  cerebrum  except  in  so  far  as  a  certain 
attitude  was  previously  maintained  by  the  cerebellum,  and 
no  steady  movement  can  be  produced  by  the  alternate  con- 
tractions of  some  groups  of  muscles  except  in  so  far  as  other 
groups  of  muscles  are  maintained  in  a  state  of  continuous 
contraction  ;  hence  it  may  be  inferred  that  all  the  move- 
ments of  the  body  are  co-ordinated  both  in  the  cerebellum 
and  cerebrum. 

But  although  the  functions  of  the  cere\)ellum  and  cerebrum 
are  to  a  considerable  extent  co-ordinate,  yet  it  is  manifest  that 
the  former  must  act  in  subordination  to  the  latter.  If  animals 
only  possessed  the  power  of  maintaining  one  unvarying  atti- 
tude, they  would  not  require  capacities  higher  than  those  of 
Linanimate  objects ;  the  degree  of  development  to  which  an 
ronimal  has  attained  is  measured  by  its  capacity  of  effecting 
multitudinous  changes  of  attitude.  Now,  in  effecting  these 
changes,  tiie  alternate  contractions  under  the  guidance  of  the 
cerebrum  must  take  the  lead ;  and  any  change  which  is  neces- 
sarily produced  in  the  contiauous  contractions,  although  regu- 
lated through  the  cerebellum,  must  be  in  strict  subordination 
to  the  action  of  the  cerebrum, 


OF  TUE   NERVOUS   SYSTEM. 


59 


^ 


5.  Ficnctiona  of  Cerebrospinal  System.— \Ye  have  so  far 
Kpoken  of  the  functions  of  the  cerebrum  and  cerebellum  only;  but 
it  would  be  more  correct  to  speak  of  the  functions  of  the  cerebro- 
spinal and  ccrebello-spinal  systems,  inasmuch  as  neither  of  the 
higher  centres  can  act  except  through  the  medium  of  the  spinaJ 
cord  and  peripheral  nerves,  which  are  common  to  both  organs. 
But,  however  convenient  it  may  be  from  a  structural  point  of 
view  to  follow  Meynert,  and  take  our  stnrting  point  from  the 
higher  centres,  yet  from  a  functional  point  of  view  it  will  be 
more  convenient  to  start  from  the  periphery.  The  order  of  the 
development  of  the  nervous  system  is  not  from  the  cortices  of 
the  cerebrum  and  cerebellum  to  the  central  grey  tube,  but  from 
the  latter  to  the  former ;  hence  it  is  more  philosophical  to  make 
the  central  grey  tube  rather  than  the  cortices  the  starting  point 
of  our  representation.  According  to  this  view  the  central  grey 
tube,  along  with  the  peripheral  nerves,  constitutes  a  system  of 
ODinpound  co-ordination  in  time  (reflex  action)  ;  the  basal 
ganglia,  when  acting  upon  the  central  grey  tube  and  peripheral 
nerves,  form  a  system  of  compound  co-ordination  in  time  (in- 
stinctive action) ;  and  the  cortex  of  the  brain,  when  acting  on 
the  inferior  centres,  forms  a  systeua  of  doubly-compound  co- 
ordination in  time  (conscious  actions). 


§  20.  Functions  of  Cerebellospinal  System. — Tlie  functions 

of  Uie  cerebello-spinal  system  may  be  similarly  represented. 

The  central  grey  tube,  along  with  the  peripheral  nerves,  forms 

a  (ystem  of  simple  co-ordination  in  space  as  well  as  in  time 

frejUx  tonus);  the  intermediate  ganglia  of  the  cerebello-spinal 

ijatem  acting  on  the  central  grey  tube  and  peripheral  nerves 

form  a  system  of  compound  co-ordination  in  space  (the  main- 

^leoance  of  unvarying  attitudes) ;  while  the  cortex  of  the  cere- 

^Htellum  acting  on  the  inferior  centres  forms  a  system  of  doubly- 

^^^■ipouud  co-ordination  in  space  (the  adjustments  of  the  tonic 

^^BWractions  of  the  muscles  rendered  necessary  by  changes  of 

attitude). 

§  27.  Co-operation  of  Cerebtvspinal  and  Cerebellospinal 
SyntetM. — According  to  this  theory,  then,  the  multitudinous 
a<ijustmeDt£  of  the  body,  both  in  time  and  space,  are  regulated 
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by  the  combinecl  action  of  the  cerebrum  and  cerebellum  acting 
throujrh  the  spinal  cord  and  peripheral  nerves.  The  co-operation 
of  these  organs  in  the  regulation  of  motor  actions  is,  however, 
generally  of  an  antagonistic  kind.  The  cerebellum  tends  to, 
maintain  an  unvarying  attitude,  while  the  cerebrum,  in  initiating! 
a  change  of  attitude,  must  act  by  overthrowing  the  balance  of 
the  muscular  contractions  which  maintain  this  attitude.  The 
overthrow  of  this  equilibrium  can  be  effected  by  the  cerebrum 
in  either  of  two  ways,  either  poaitivel;/  by  an  increase  of  nervous 
impulses  to  certain  groups  of  muscles,  or  negatively  by  arresting 
Pm,  6.  or    inhibiting    in    the    spinal 

centres  the  cerebellar  influx 
to  their  antagonists.  Now  it 
is  manifest  that  the  latter 
method  would  be  much  more 
economical  than  the  first,  an<l 
consequently  (here  is  every 
reason  to  believe  that  thi 
cerebrum  does  act  largely  by' 
iuhibitiog  the  action  of  the 
cerebellum,  although  it  is  also 
certain  that  it  must  exei 
a  positive  control  over 
various  muscular  contractions. 
The  conjoiot  action  of  the 
central  grey  tube,  the  cerebrum 
and  cerebellum,  is  represented 
in  the  accompanying  diagrai^| 
{Fig.  6)  under  the  simples^^ 
conditions.  A  ganglion-cell  of 
the  spinal  cord  is  represented 
by  8,  of  the  cerebrum  by  c, 
the  cerebellum  by  c'.  Tl 
afferent  conducting  paths  froi 
the  periphery  to  tlie  spina 
cord,  cerebrum,  and  cere^ 
helium  are  represented 
a,  a',  a'  respectively.  The 
efferent      conducting       pal 
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Flo.  6.  Schema  of  Snrephato  -  Spiual 
Action.  >,  Motor  gangliun  cell  u( 
■pinal  cord ;  c.  Ganglion  cell  of  cor- 
tex of  cerebrum,  mil  c",  of  cnrtei  of 
cerebellam  ;  a,  a',  a".  Afferent  fibres 
to  the  (i]]iniil  cord,  nnd  to  the  cortices 
of  the  cerebrum  and  of  the  cerebellum 
re8i>ectively ;  «,  e,  Kfferent  filji'«« 
from  the  iipinal  ganglion  celt  to 
m,  m',  the  muacles ;  t'  ttad  «",  Fibres 
from  the  cerebral  and  cerebellar  cella 
respectively  to  the  spinal  gan^Unn 
cell.  2.  Intercentral  ribre  connect- 
ing the  cerebral  and  cerebellar  cells. 
The  arrows  indicate  the  direction  of 
the  condQCtioD. 
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etween  the  cerebrum  and  spinal  cord  is  represented  by  c', 
etween  the  cerebellum  and  cord  by  c',  and  between  the  cord 
and  muscles  by  e;  while  m  m  represent  the  muscles  them- 
selves, and  the  arrows  indicate  the  direction  of  the  currents. 
Now,  when  an  impression  is  made  upon  a,  it  is  conveyed  to  a, 
and  reflected  through  ee  to  mm,  this  constituting  a  simple 
eflex  action.  When  an  impression  is  made  upon  a',  the 
tnpulse  is  conveyed  to  o'  and  through  e'  to  a,  and  through  ce  to 
vn,  producing  a  continuous  contraction  of  the  muscles. 
)ut  when  an  impression  is  made  upon  d,  an  impulse  is  conveyed 
c  and  downwards,  through  e'  to  s.  Now.  the  impulses  con- 
veyed through  e'  to  8  may  produce,  when  of  a  certain  degree  of 
intensity,  only  an  arrestive  or  inhibitory  action  on  the  impulses 
I  conveyed  to  8  through  a  and  e'  ;  while  an  additional  degree  of  ^ 
Hintensity  enables  it  to  pass  through  s  and  ee  to  mm,  and  to 
^■produce  clonic  muscular  contractions.  It  is  also  probable  that 
Vtbe  cerebrum  may  exercise  both  an  inhibitory  and  excitative 
action  on  the  cerebellum  through  the  interccntral  fibres  (»), 
which  connect  the  centres  directly  with  each  other.  This 
hypothe:sls  was  first  stated  by  Dr.  UugUlings  Jackson,  and  he 
has  since  applied  it,  with  his  usual  subtilty  and  generalising 
power,  to  the  explanation  of  various  pathological  phenomena. 
As  this  is  an  exceedingly  important  theory,  it  will  be  as  well  to 
illustrate  the  actions  of  the  cerebrum  and  cerebellum  by  refer- 
jeoce  to  the  muscular  contractions  necessary  for  the  maintenance 
of  the  erect  posture  and  for  locomotion. 

^h     §  28.  The  Erect  Posture. — In  the  erect  posture  the  weight  of 

^■jlkB  body  is  borne  by  the  plantar  arches,  and  the  body  is  main- 

^H|BC(1  by  a  series  of  muscular  contractions  in  such  a  position 

^pthat  the  line  of  gravity  falls  within  the  area  of  the  feet     In 

^F  ■  ition  the  line  of  gravity  of  the  head  falls  in  front  of  the 

W  ^      i  articulation;  that  of  the  combined  hea/i  and  trunk 

pa.>ines  behind  a  line  joining  the  two  hip  joints;  that  of  the 

^Lcuaibine<i  head,  trunk,  and  thighs  falls  a  little  behind  the  knee 

^'jointa;  and  the  line  of  gravity  of  the  whole  body  passes  in 

froot  of  the  line  drawn  between  the  two  ankle  joints.     This 

■tateraeot  of  the  direction  of  the  line  of  gravity  shows  that 

when  the  foot  is  made  the  surface  of  support,  the  body  would 
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^a.T.f  After  HuiUeyJ'Kt- 
gram  illustrating  the  at- 
tftchmeiila  of  nome  o[  the 
miMt  iin|x>rtant  miiaclea 
which  keep  the  body  in 
the  erect  poatnro.  I, 
MuDclra  of  the  (.'alf, 
II,  Tbo«e  of  the  back  cf 
the  Tlii^h.  Ill,  Thoae 
of  the  Sjiine,  which  tend 
to  keep  the  body  from 
fallinK  foiward.  1,  the 
&lu8cleB  of  the  front  of 
the  I^g  ;  2,  th'ne  of  the 
front  of  the  'Jhigh  ;  3, 
those  of  the  front  of  the 
Abdomen  •,  4,  Ti,  those  of 
the  front  of  the  Neck, 
which  tend  to  keep  tlie 
liody  from  failing  back- 
wards. The  arrows  in- 
dicate the  direction  of 
action  of  the  oitucles, 
the  foot  being  fixed. 
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fiiU  forwards  unless  prevented  by  contrac- 
tion of  the  mtiscles  of  the  calf  {Fiij.  7,  Ij, 
"But  this  action,"  says  Professor  Huxley, 
"  tends  to  bend  the  leg,  and  to  neutralise 
this  and  keep  the  leg  straight  the  great 
muscles  in  frout  of  the  thigh  {Fig.  7,  2.) 
must  come  into  play.  But  these,  by  the 
same  action,  tend  to  bend  the  body 
forward  on  the  legs;  and  if  the  body  is 
to  be  kept  straight  they  must  be  neutra- 
lised by  the  action  of  the  muscles  of  the 
buttocks  and  of  the  back  {Fi/j.  7,  IIL)." 
It  will  be  seen,  however,  that  since  the 
centre  of  gravity  of  the  combined  head 
and  trunk  falls  a  little  behind  the  line 
joining  the  hips,  the  muscles  of  the 
buttocks,  although  strongly  contracted  ia 
effecting  the  erect  position,  do  not  require 
to  contract  in  order  to  maintain  it 

The  muscles  of  the  calf,  those  of  the 
front  of  the  thigh,  and  the  erector  spins 
are  therefore  the  most  active  muscles  in 
maintaining  the  erect  posture  ;  and  these 
are,  according  to  the  hypothesis,  main- 
tained in  a  state  of  tonic  contraction, 
m  linly  by  the  cerebellum. 


i 


§  2D.  Walhing — At  each  step  in  walk- 
ing there  is  a  moment  at  which  the  body 
rests  vertically  on  the  foot  of  one  leg  (say 
the  right),  which  is  then  called  the  "active 
leg."  The  other  (left),  which  is  now  called 
the  "p'isaine  leg,"  is  at  this  time  inclined 
obliquely,  with  the  heel  raised  and  the 
toe  resting  on  the  ground.  The  left  leg, 
sligbtly  flexed  to  avoid  contact  with  the 
ground,  is  now  swung  forward  like  a 
pendulum,  the  length  of  the  swing  or  step 
being  determined  by  the  length  of  the  le^, 
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the  left  toe  is  brought  to  the  ground,  and  the  step  is  finished. 
The  left  leg,  which  was  previously  passive,  now  gradually 
becomes  straight  and  rigid,  and  the  body  is  moved  forward  on 
the  left  toe  &i  a  fulcrum  ;  while  the  right  leg,  which  was  pre- 
viously active,  assumes  an  inclined  position,  with  the  heel  raised 
and  the  toe  resting  on  the  ground,  so  that  it  is  ready  to  swing 
forwards,  and  then  once  more  to  assume  the  role  of  activity, 
while  its  fellow  becomes  in  its  turn  passive  again.  During  the 
forward  movement  the  centre  of  gravity  of  the  body  describes 
a  curve,  the  convexity  of  which  is  upward  ;  hence  in  successive 
steps  the  centre  of  gravity,  and  with  it  the  top  of  the  head, 
ilescribes  a  series  of  curves,  with  their  convexities  upwards. 

lu  standing  on   both  feet  the  Hue  of  gravity  falls  between 

them,  but  in  walking  it  must  be  alternately  shifted  from  one 

foot  to  the  other,  in  order  to  balance  the  body  on  the  active 

leg.     While  the  left  leg,  for  instance,  is  passive  and  swinging, 

the  line  of  gravity  falls  within  the  area  of  the  right  foot,  and 

passes  through  the  right  lateral  half  of  the  pelvis,  and  as  the 

left  foot  becomes  active  the  centre  of  gravity  is  shifted  to  the 

opposite  side,  and  the  line  of  gravity  passes  through  the  left 

lateral  half  of  the  pelvis  to  the  left  foot.    In  walking,  therefore, 

the  centre  of  gravity  describes  not  only  a  series  of  vertical  but 

also  a  series  of  horizontal  curves,  so  that  the  curve  described 

bj  the  head  is  composed  of  vertical  and  horizontal    factors. 

In  slow  walking  there  is  an  appreciable  time  during  which 

both  feet  are  on  the  ground ;  the  one  being  planted  so  <as  to 

become  active  before  the  other  has  ceased  its  activity.     In  fast 

walking  this  period  is  very  short,  the  one  leaving  the  ground 

the  moment  the  other  touches  it ;  while  in  running  there  is  an 

interval  during  which  neither  feet  are  on  the  ground. 

Let  us  now  attend  to  the  muscles,  the  contraction  of  which 
effects  the  changes  of  attitude  necessarily  involved  in  walking. 
Suppose  that  we  start  with  the  right  leg  in  the  vertical  position, 
with  the  line  of  gravity  passing  within  the  line  of  the  right  foot, 
and  the  left  partially  raised  from  the  ground.  The  first  indica- 
tion of  a  forward  movement  must  be  effected  by  a  contraction 
of  the  flexors  of  the  foot  on  the  leg,  which,  as  the  toe  is  fixed, 
bends  the  leg  and  with  it  the  whole  body  forward.  This  con- 
traction fixes  the  upper  end  of  the  tibia,  the  leg  being  bent 
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forward  at  an  acute  angle  with  the  foot,  and  the  femur  is  kept 
extended  oa  the  tibia  by  a  rigid  contraction  of  the  muscles  of 
the  front  of  the  thigh.  The  lower  end  of  the  femur  and  upper 
end  of  the  tibia  are  now  rendered  fixed  points,  the  line  of 
gravity  is  rapidly  passing  forward  from  the  middle  of  the  foot 
to  the  toe,  the  weight  is  thus  taken  off  tlie  heel,  and  contraction 
of  the  muscles  of  the  calf  causes  its  elevation.  But  the  line 
of  gravity  is  now  passing  through  the  toe,  in  front  of  the  knee, 
and  in  front  of  the  centre  of  the  hip  joint,  so  that  the  muscles 
of  the  back  of  the  thigh  and  those  of  the  buttocks  must  con- 
tract strongly  or  the  body  would  be  flexed  on  the  thighs,  while 
the  erectors  of  the  spine  must  be  sufficiently  contracted  to  keep 
the  different  segments  of  the  body  in  a  rigid  condition.  It 
is  manifest  that,  as  soon  as  the  line  of  gravity  passes  in  front 
of  the  centre  of  tbe  hip  joint  and  through  the  toe,  although 
muscular  action  may  maintain  the  different  segments  of  the 
body  e.^teaded,  no  muscular  action  can'  prevent  the  body  as  , 
a  whole  from  falling  forward  on  the  toe  as  a  pivot,  and  the  fl 
body  would  fall  unless  tbe  left  foot  were  now  in  a  position  to  ™ 
be  planted  on  the  ground  in  front  of  the  line  of  gravity,  and 
ready  to  assume  the  role  of  the  active  leg.  Before,  however, 
the  left  leg  can  become  active,  the  line  of  gravity  must  be 
transferred  to  the  left  foot,  and  before  the  right  foot  can  be 
made  to  swing  it  must  be  shoitened  so  as  to  avoid  contact  with 
the  ground.  These  operations  are  so  important  as  to  require 
careful  study. 


^ 
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§  30.  The  transference  of  the  centre  of  gravity  from  tilt 
paaaive  to  Ike  active  leg  is  largely  effected  by  the  contraction  of  j 
the  abductors  of  the  thigh,  and  especially  by  the  gluteus  medius,  H 
contraction  of  which,  the  left  thigh  being  fi.ted,  causes  the  ~ 
pelvis  to  rotate  vertically  on  the  hip  joint ;  so  that  the  centre 
of  gravity,  and  with  it  the  head,  describes  a  curve  to  the  left, 
with  its  convexity  upwards,  a  movement  which  at  the  same 
time  slightly  elevates  the  pelvis  and  with  it  the  hip  joint  of  the 
opposite  side.     This  slight  elevation  of  t!ie  right  hip  joint  not 
only  transfers  the  centre  of  gravity  to  the  left,  but  also  in- 
creases the  distance  of  the  centre  of  movement  (hip  joint)  of 
the  passive  leg  (right)  from  the  ground,  and  thus  prepares  for 
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the  forward  swinging  of  the  right  leg.  The  contraction  of  the 
kbductora  IB  accompanied  by  a  contraction  of  their  antagonists — 
the  adductors,  which  not  only  gives  steadiness  to  the  pelvis 
but  holds  the  latter  in  readiness  to  counteract  at  once  any 
tendency  to  over-action  on  the  part  of  the  former,  by  which 
the  line  of  gravity  would  be  carried  beyond  the  middle  of 
the  foot.  The  curve  described  by  the  head  owing  to  contrac- 
tion of  these  muscles  would  indeed  be  much  greater  than  it 
is  were  it  not  compensated  by  contraction  of  other  muscles. 
At  the  time  that  the  abductors  of  the  left  leg  contract,  and 
thus  rotate  the  pelvis,  the  centre  of  gravity,  and  head  to  the 
,  the  erector  spinje  of  the  right  side  enter  into  a  somewhat 
iditional  contraction  producing  a  compensating  curve  to  the 
ght,  so  that  the  head  does  not  deviate  to  the  left  during  the 
sference  of  the  centre  of  gravity  to  the  left  foot  to  any- 
thing like  the  extent  that  might  be  expected. 


§  31.  Sioinffinrf  of  the  Passive  Leg. — It  has  just  been  said 
»t  when  the  left  leg  becomes  active  tlie  pelvis  rotates  vertically 
.  the  left  hip,  so  that  the  opposite  hip  joint  is  slightly  elevated 
an  extent  sufficient  to  take  the  weight  of  the  body  from  the 
ight  toe ;  but  inasmuch  as  the  right  foot  is,  at  the  time  it  is 
l»boat  to  become  passive,  extended  obliquely,  with  the  toe  de- 
ad, while  the  left  is  placed  nearly  vertically,  the  former  is 
tacb  too  long  to  swing  past  the  other  without  touching  the 
aond,  and   the   slight   vertical  rotation   of  the   pelvis  just 
ibed  does  not  give  the  requisite  elevaliou  for  this  purpose. 
In  order  to  swing  forwards,  therefore,  the  right  leg  is  still 
irther  shortened  by  flexion  of  its  various  segments  on   the 
dly  and  on  one  another.     The  thigh  is  slightly  flexed  on  the 
dy,  the  leg  on  the  thigh,  and  the  foot  on  the  leg.     Of  these 
ements  the  slight  elevation  of  the  toe  caused  by  dorsal 
sn  of  the  foot  is  by  far  the  most  important  and  special ;  it 
It  this  movement  which  distinguishes  the  walk  of  the  adult 
Hfirum  that  of  the  infant,  the  latter  advancing  the  passive  foot 
^bot  by  a  pendulum  motion,  but  by  a  voluntary  effort  in  which 
^|lhe  leg  and  foot  are  raised  from  the  ground  by  flexion  of  the 
thigh  on  the  body.    It  may  also  be  mentioned  that  the  adductors 
of  the  thigh  manifest  a  very  special  action  in  assisting  to  cross 
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one  leg  over  the  other — an  action  which  cannot  be  effected  hy 
the  lower  animals,  or  by  the  human  infant,  and  hence  these 
muscles  must  also  be  regarded  as  being  in  an  especial  manner 
under  cerebral  influence.  The  cerebro-spinal  influence  is  there- 
fore manifested  in  the  active  leg  during  locomotion  by  securing 
a  strong  contraction  of  the  anterior  flexors  of  the  foot,  and  oferi 
the  flexors  of  the  leg  on  the  thigh  along  with  the  abductors  iP^ 
as  to  fix  and  rotate  the  pelvis  vertically ;  while  it  is  manifested 
in  the  passive  leg  partly  by  contraction  of  the  flexors  of  the 
thigh  on  the  body,  partly  by  contraction  of  the  flexors  of  the 
'leg  on  the  thigh,  and  partly  by  flexion  of  the  foot  on  the  leg, 
the  flexion  in  ad  these  instances  being  probably  due  less  to 
active  contraction  than  to  relaxation  of  the  antagonist  muscles. 
The  transference  of  the  line  of  gravity  to  the  opposite  leg  also 
takes  part  in  this  action  by  removing  the  fixed  point,  from 
which  the  muscles  act,  from  the  foot  to  the  pelvis.  ^^ 

§  32.  The  Act  of  AeqvLinng  tlie  Erect  Posture. — Now,  if  the 
changes  of  position  which  take  place  in  walking  are  due  to  the 
predominance  of  cerebru-spinal  over  cerebello-spinal  action,  this 
is  no  less  true  with  respect  to  the  successive  changes  of  posture 
requisite  to  raise  the  body  from  the  recumbent  to  the  erect 
posture.  Suppose  a  man  ia  lying  in  the  prone  position,  and 
then  gets  up  on  his  hands  and  knees.  When  the  knees  are 
raised  by  muscular  action,  so  that  the  body  is  supported  by  the 
tips  of  the  fiagers  and  the  toes,  while  the  centre  of  gravity  falls 
midway  between  tbo  anterior  and  posterior  extremities,  thia 
constitutes  what  I  may  call  the  qiuidrupeilal  position.  In  this 
position  the  toes  constitute  the  fixed  point  for  the  posterior 
extremities,  and  the  muscular  strain  rests  upon  the  flexors  of 
the  phalanges  and  metatarsal  bones,  their  'contraction  being 
necessary  to  maintain  the  rigidity  of  the  plantar  arch.  The 
extensors  of  the  foot  on  the  leg  must  contract  to  prevent  the 
tibia  from  being  flexed  on  the  foot,  the  extensors  of  the  legs  on 
the  thigh  must  contract  in  order  to  prevent  the  thigh  being 
flexed  on  the  leg,  and  the  extensors  of  the  body  on  tl 
I  thigh  must  also  contract  in  order  to  prevent  the  former  be: 
flexed  on  the  latter.  A  further  contraction  of  these 
muscles  drags  the  centre  of  gravity  of  the  body  upwards  a) 
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backwards,  the  weight  is  taken  off  the  anterior  extremities,  and 
e  bodj  assumes  the  semi-bipedal  posture  in  which  the  line  of 
ravity  passes  between  the  feet  in  the  line  which  joins  the  toes, 
^Dsiderablj  in  front  of  the  line  which  joins  the  ankles,  behind 
lat  which  joins  the  knees,  and  in  front  of  that  joining  the  hip 
ints.  It  is  manifest  that  the  contractions  of  the  muscles  of 
'the  sole,  those  of  the  calf,  front  of  the  thigh,  those  of  the  gluteal 
re^OD  and  the  erectors  of  the  spine,  must  largely  predominate 
over  their  antagonists  in  order  to  maintain  this  position,  and 
that  this  predominance  must  be  maintained  until  such  time  as 
the  heel  touches  the  ground,  when  the  line  of  gravity  passes  from 
the  toes  to  the  centre  of  the  plantar  arch,  and  behind  the  line 
joining  the  centre  of  the  two  hip  joints.  The  vertical  position 
is  then  maintained  mainly  by  means  of  the  bones  and  ligaments, 
aided  only  by  a  slight  degree  of  muscular  contraction.  Now, 
the  bipedal  erect  posture  has  only  been  attained  from  the 
recumbent  position  by  passing  through  an  infinity  of  inter- 
mediate postures;  and  according  to  the  hypothesis  the  cerebeUo- 
ipiaal  system  has  had  to  maintain  each  posture  attained  by 
itriking  a  balance  between  the  tensions  of  the  extensors  and 
flexors  of  the  body,  the  latter  being  aided  by  gravity ;  while 
the  cerebro-spinal  system  continually  changes  each  attained 
posture  by  overthrowing  this  balance  in  favour  of  the  extensors. 
In  passing  from  the  bipedal  erect  posture  through  the  semi- 
bipedal  and  quadrupedal  to  the  recumbent  posture  a  reverse 
process  takes  place,  the  cerebro-spinal  system,  at  each  new 
position  acquired,  inhibits  the  action  of  the  cerebello-spinal 
system  on  the  extensors,  so  that  contraction  of  the  flexors 
assisted  by  gravity  is  allowed  gradually  to  predominate. 

But  if  this  hypothesis  of  the  joint,  although  opposite,  action 
of  the  cerebrum  and  cerebellum  acting  through  the  spinal  cord 
be  true  at  all,  it  must  be  accepted  in  its  fullest  extent.  If,  for 
instance,  it  be  true  that  the  passage  from  wiiat  I  have  called 
the  q-utdrupedaX  to  the  bij)edal  erect  posture  in  the  human 
subject  is  due  in  the  individual  to  the  predominance  of  cerebral 
influx  to  the  extensors  over  their  antagonists  this  is  no  less 
true  with  respect  to  the  race.  In  the  gradual  development  of 
poaa  from  the  lower  animals  the  same  forces  have  been  at  work. 
From  the  semi-bipedal  position  assumed  by  a  dog  attempting 
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to  stand  on  its  hind  legs,  and  the  imperfect  bipedal  attitude  J 
of  the  monkey  to  the  perfect  bipedal  erect  posture  of  man,  the  B 
transition  must  have  been  effected  by  the  gradual  predominance  ~ 
of  the  extensors  over  their  antagonists  through  cerebro-spinal 
influence.     In  all  these  processes  it  will  be  seen  that  the  flexors 
of  the  body  are  aided  in  their  action  by  the  force  of  gravitation, 
while  the  extensors  have  to  overcome  this  force  by  their  action ; 
hence  the  latter  must  be  capable  of  much  more  powerful  con- 
traction than  the  former,  and  are  consequently  more  liable  to 
have  more  powerful  discharges  sent  to  them  both  from  the 
cerebro-spinal  and  cerebello-spinal  systems. 

When,  therefore,  both  the  extensors,  and  flexors  of  the  head, 
trunk,  and  lower  extremities  are  contracted  to  their  utmost 
capacity,  the  action  of  tbe  former  must  predominate  over  that 
of  the  latter ;  so  that  the  segments  of  the  lower  extremities  will 
be  extended  upon  one  another,  and  the  body  will  be  arched 
with  the  concavity  directed  backwards,  as  occurs  during  the 
paroxysms  of  tetanus.  But  the  hand  being  mainly  an  organ  of 
prehension,  the  principal  function  of  the  anterior  limbs  of  man  is 
to  pull  objects  towards  the  trunk,  the  latter  being  the  fixed  point 
during  their  activity;  hence  the  flexors  of  the  upper  extremities 
mu.st  be  more  strongly  developed  than  the  extensors.  And 
when  the  hands  become  fixed,  as  in  climbing,  the  most  powerful 
contractions  are  obtained  when  they  are  in  a  position  to  drag  the 
body  towards  the  fixed  position,  and  not,  as  in  the  case  of  tbe 
lower  extremities,  when  the  body  is  thrust  upwards  and  away 
from  it;  hence,  when  the  muscles  of  the  upper  extremities  are 
contracted  to  their  utmost  capacity,  flexion  will  predominate 
over  extension. 


( 


• 


§  33.  Fiimlamental  and  Accaasory  poHioiw  of  live  Nervous 
System. — Before  leaving  this  portion  of  our  subject  I  should 
like  to  establish  one  more  distinction.  Structure  being  the 
correlation  of  function,  the  multiplicity  and  complexity  of  the 
movements  which  distinguish  man  from  the  lower  animals 
must  be  accompanied  by  a  corresponding  degree  in  the  intricacy 
and  variety  of  the  structural  arrangements  of  his  nervous  system. 
The  main  movements  which  distinguish  man  from  the  lower 
animals  are  those  concerned  in  attaining  and  maintaining  the 
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erect  posture,  the  varied  movements  of  tbe  hands  aa  orjfans  of 
prehension,  the  movements  of  voice  and  articulation  concerned 
in  speech,  and  those  which  are  active  in  the  production  of 
facial  expression.  All  these  movements  must,  therefore, 
be  represented  in  the  human  nervous  system  by  structural 
arrangements  superadded  to  those  which  man  possesses  in 
common  with  the  highest  of  the  lower  animals.  Indeed  all  the 
complex  movements  fir^t  mentioned  are  acquired  considerably 
after  the  birth  of  the  human  infant,  and  we  may  consequently 
expect  that  the  structural  arrangements  corresponding  to  them 
either  do  not  exist  at  birth  or  exist  only  in  an  embryonic 
condition. 

The  portions  of  the  nervous  system  which  man  possesses  in 
Common  with  the  lower  animals,  and  which  are  well  developed 
in  the  human  embryo  at  nine  months,  I  shall  call  the  funda- 
mental part ;  and  the  portions  which  have  been  superadded  in 
the  course  of  evolution,  which  differentiate  the  nervous  system 
of  man  from  that  of  the  highest  of  the  lower  animals,  and 
which  are  either  absent  in  the  human  embryo,  or  exist  only  in 
*n  embryonic  condition,  I  shall  call  the  accessory  part  of  the 
nervous  system. 

The  fundamental  portion  of  the  human  nervous  system 
co-oriiinates  the  fundamental  functions  which  man  possesses  in 
ooaimon  with  the  lower  animals;  but  the  accessory  portions 
can  only  be  said  to  regulate  the  accessory  functions  in  a  peculiar 
sense.  The  accessory  structure  constitutes  indeed  a  new  com- 
plexity of  mechanism  superadded  to  tiiat  alrea<ly  existing,  a 
Ci>mplexity  rendered  necessary  for  the  regulation  of  the  iutricate 
multiform  actions  which  distinguish  man  from  the  lower 
imals.  In  the  development  of  the  accessory  system,  the  small 
round  cell  and  the  non-medullated  fibre  appear  at  a  compara- 
tively late  period  in  the  development  of  the  embryo,  and  the 
'presence  of  these  simple  elements  is  regarded  as  the  structural 
counterpart  of  a  new  modification  or  specialisation  of  function. 
Specialisation  of  function  has  hitherto  been  connected  with  the 
ual  development  of  medullated  from  non-medullated  fibres, 
of  large  caudate  from  small  round  cells;  but  now  it  appears 
hat  specialisation  of  function  is  to  be  connected  with  the 
development  of  embryonic  cells  and  fibres.    There  is,  however. 
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no  contradiction  between  the  two  statementa.  The  embryonic 
cells  and  fibres  of  the  accessory  system  do  not  of  themselves 
indicate  any  specialisation  of  function.  These  cells  and  fibres 
are,  indeed,  mere  complications  of  an  already  existing  mechanism, 
and  this  alone  entitles  them  to  be  regarded  as  true  indicators  of 
a  newly-acquired  specialisation  of  function  ;  they  are,  in  short, 
mere  modifications  of  an  already  existing  structure  corres- 
ponding to  newly-acquired  modifications  of  previously  existing 
muscular  adjustments.  There  can  be  no  doubt  that  the  funda- 
mental and  accessory  portions  of  the  nervous  system  will  be  so 
mingled  together  that  it  will  be  almost  impassible  to  separate 
the  two ;  but  whether  they  can  be  distinguished  from  one 
another  morphologically  or  not,  the  mental  distinction  is  a 
valuable  one,  and  it  is  important  to  remember  that  in  man 
both  the  cephalic  ganglia,  the  central  grey  tube,  the  conducting 
paths  which  connect  them  with  one  another,  and  even  the 
peripheral  nerves  themselves,  mu,st  contain  fundamental  and 
accessory  cells  and  fibres. 

§  34".  Tli£  Laio  of  Emlntion. — We  have  now  passed  very 
rapidly  and  very  imperfectly  under  review  the  fundamental 
laws  of  nervous  structure  and  function.  We  have  seen  that  the 
nervous  system  consists  essentially  of  cells  and  fibres,  that  the 
cells  are  first  small,  round,  and  uniform,  that  they  gradually 
become  large  and  assume  numerous  processes,  that  the  fibres 
are  at  first  small  fibrils  which  together  form  larger  fibres,  that 
these  become  complicated  by  asaumiug  an  elastic  sheath,  and 
still  further  complicated  by  assuming  a  second  sheath  of  a  very 
special  character.  We  have  seen  how  the  fibres  come  to  be 
packed  together  to  form  white  cords  and  the  cells  to  form  small 
masses  of  grey  substance  termed  ganglia;  how  the  cords  inte-  H 
grate  to  form  thick  masses  of  white  substance  and  the  small  ~ 
ganglia  to  form  masses  of  ganglionic  grey  substance,  and  how 
this  continuous  process  assumed  a  stilt  more  complicated  form 
when  some  of  the  ganglia  became  subordinate,  while  others 
exercised  superordinate  functions.  The  whole  of  the  intricate 
processes  here  described  illustrate  the  one  great  law  of  evolu- 
tion. That  law  may  be  described  as  a  progressive  integration 
both  of  structure  and  function,  during  which  there  is  a  passage 


I 

I 

I 

I 


J 


OV  THE  NERVOUS  SYSTEM. 


71 


from  the  uniform  to  the  niultiform,  from  the  simple  to  the 
^complex,  and  from  the  general  to  the  special  During  the 
[evolution  of  the  nervous  system  of  man  the  fundamental  portion 
is  first  developed.  The  nervous  system  of  man  ia  at  first 
similar  to  that  possessed  by  all  animals  Tvhicfa  possess  a 
nervous  system,  or  at  any  rate  all  those  which  are  sufficiently 
elevated  to  possess  a  spinal  cord  ;  but  as  development  proceeds 
the  nervous  system  of  man  becomes  gradually  differentiated 
from  that  of  an  ever-increasing  number  of  the  lower  animals, 

I  while  still  maintaioing  a  general  likeness  to  the  nervous  system 
of  the  higher  animals  up  to  the  time  of  birth.  This,  then,  con- 
Btitutes  the  fuiulamental  portion  of  the  nervous  system  of 
tnan ;  but  after  birth  the  accessory  portion,  which  up  till  this 
time  only  appears  in  a  rudimentary  condition,  now  undergoes 
progressive  development,  and  the  nervous  system  of  man  be- 
comes gradually  differentiated  from  that  of  all  other  animals- 
It  will  thus  be  seen  that  the  fundamental  portion  is  first 
developed,  and  that  the  superaddition  of  the  accessory  portion 
greatly  increases  the  multiformity,  the  complexity,  and  the 
speciality  of  the  human  nervous  system,  and  it  is  consequently 
16  latest  product  of  its  evolution. 


1§  35.  Law  of  Dissolution. — We  must  now  proceed  to  regard 
<tbe  phenomena  of  the  structure  and  function  of  the  nervous 
[system  from  a  new  and  opposite  standpoint.     We  must  watch 
•the  cells  lose  their  processes,  and  from  the  multiformity  of  the 
Ic&udate  cells  with  numerous  processes  pass  to  the  uniformity  of 
the  round  cells  destitute  of  processes :  we  must  observe  the  fibres 
losiag  their  medullary  sheath,  then  their  elastic  sheath,  and 
finally  the  axis-cylinder  itself  becoming  disorganised,  so  that 
I  nervous  tissue  gradually  gives  place  to  a  simple  and  uniform 
iGOQDective  tissue :  we  must  observe  accompanying  this  process 
la  corresponding  loss  of  function,  in  which  the  complex  move- 
jtneota  that  characterise  health  become  difficult  or  impossible : 
in  one  word,  we  must  trace  the  records  of  a  process  in  which 
hbe  progressive  integration  of  evolution  gives  place  to  a  pro- 
,  gressive  disintegration,  during  which  the  phenomena  of  structure 
and    function,   instead   of  passing   from    the  uniform   to   the 
1      mnltiform    from  the  simple  to  the   complex,  and  from  the 
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general  to  the  special,  manifest  a  reverse  tendency,  of  passing 
from  the  multiform  to  the  uniform,  from  the  complex  to  the 
simple,  anil  from  the  special  to  the  general.  The  law  which 
governs  this  process  is  the  law  of  dissolution,  and  it  is  the  great 
law  which  regulates  the  phenomena  of  disease  of  the  ner\'oos 
system,  just  as  evolution  is  the  great  law  which  regulates  its 
growth  and  development. 

It  is  scarcely  necessary  to  add  that  the  phenomena  of  evolu- 
tion manifested  in  the  growth  and  development  of  the  organism 
are  exceedingly  gradual  and  continuous,  and  consequently  the 
operation  of  the  law  of  evolution  can  very  readily  be  traced. 
Disease  being,  on  the  other  hand,  often  sudden  and  violent  in 
in  its  onset,  striking  at  times  at  the  fundamental,  at  other 
times  at  the  accessory  portions  of  the  nervous  system,  now  pro- 
ducing its  baneful  influence  at  one  stroke,  again  acting  fitfully, 
and,  only  on  rare  occasions,  in  a  gradual  and  progressive  manner; 
it  may  be  inferred  that  th«  operation  of  the  law  of  dissolution 
can  never  be  so  clearly  traced  amongst  morbid  phenomena 
as  that  of  evolution  in  the  development  of  the  organism. 
Nevertheless,  there  are  some  diseases  of  the  nervous  system 
which  are  gradual  in  their  invasion  and  progressive  in  their 
course,  and  in  them  the  operation  of  this  law  is  clearly  visible, 
and  it  is  astonishing  how  glimpses  of  the  law  may  be  obtained 
even  when  the  disease  is  sudden  in  its  onset  and  rapid  in  its 
progress.  One  important  corollary  may  be  drawn  from  what 
has  been  said :  that  as  the  accc-asory  portion  of  the  nervous  I 
system  is  the  last  to  be  developed,  it  is  the  portion  which  isj 
most  liable  to  become  diseased.  Several  reasons  might  be] 
given  why  this  should  be  the  case,  but  these  will  appear  in  the! 
subsequent  pages.  It  will  suffice  at  present  to  say  that  the] 
accessory  portion,  from  the  late  period  of  its  development,  is 
less  stable  than  the  fundameutal  portion,  and  that  its  necessarily 
frail  structure  will  render  it  more  liable  to  suflFer  both  from] 
accident  and  the  inroads  of  disease. 
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The  causes  of  disease  of  the  nervous  system  are  the  same  as 
those  of  disease  of  any  other  part  of  the  body ;  hence  they  do 

ol  require  to  be  discussed  at  any  great  length  at  present. 

iV'batever  injures  the  protoplasm  of  any  of  the  other  cells  of 

he  body  will  injure  the  protoplasm  of  the  cells  of  the  nervous 

tem ;  and  whatever  crushes  or  ruptures  the  cell  wall,  the 

tercellular  substance,  and  fibres  of  other  cells  and  tissues  will 

ttve  a  similar  effect  upon  the  cell  walla,  the  processes,  and 
fibres  of  the  nervous  system.  But  a  tissue  which  is  so  highly 
specialised  as  the  nervous  tissue  will  be  specially  acted  upon 
by  common  causes  ;  hence  it  is  necessary  to  allude  briefly  to  a 

few  of  the  more  ordinary  causes  of  nervous  disease.  Various 
Classifications  of  causes  might  be  adopted,  but  the  most  con- 
venient one  is  that  which  divides  tliem  into  (1)  Intrinsic  and 

2)  Extrinsic:   the  former  depending  upon  the  individual  in 

hom  the  conditions  of  disease  are  inherited  or  acquired,  and 
the  latter  embracing  the  external  incident  forces  which  induce 
disease. 

II  §  36.  Intrinsic  Causes. 

I  (1)  Hereditary  Prediapoaltion. — Some  individuals  inherit  a 
predisposition  to  certain  diseases  of  the  nervous  system.  The 
^predisposition  to  a  particular  disease  may  be  apecial  and  Jirect 
^fcr  general  and  indirect.  There  suffers,  for  instance,  (rum 
Wueuralgia,  at  a  particular  time  of  life,  a  lady  whose  mother  had 
■  similarly  suffered  at  a  corresponding  age.  In  this  case  the  trans- 
mission of  the  affection  is  direct  from  mother  to  daughter,  and 
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the  transmitted  disease  is  limited  to  a  particular  affection. 
But  the  inheritance  is  not  only  direct  and  special,  it  is  also 
immediate ;  inasmuch  as  the  disease  is  supposed  to  be  trans- 
mitted from  parent  to  child.  In  a  large  number  of  diseases, 
however,  the  inheritance  is  remote,  the  transmitted  affection 
being  derived  not  immediately  from  the  parent,  but  from  s 
grandparent,  or  a  still  more  remote  ancestor.  The  phenomena 
of  atavism  or  reversion,  as  the  remote  inheritance  is  called, 
are,  indeed,  very  conspicuous  in  the  transmission  of  a  li 
number  of  hereditary  nervous  diseases. 

In  other  cases,  however,  the  disease  is  not  directly 
herited,  but  an  unstable  nervous  system  is  transmitted  in 
which  either  neuralgia  or  some  other  disease  of  the  nervous 
system  is  readily  induced  by  slight  external  causes.  In  such 
cases  a  neii,ropathic  tendency  or  a  tieiirotic  di^poaition  is  trans- 
mitted,which  renders  the  nervous  system  exceedingly  vulnerable. 
In  such  cases  the  tendency  to  any  particular  disease  is  indirect, 
and  it  is  also  general,  inasmuch  as  one  member  of  the  family 
may  suffer  from  neuralgia,  another  from  chorea,  paralysis, 
hysteria,  epilepsy,  or  insanity,  while  others  manifest  a  tendency 
to  uncontrollable  alcoholic  excesses.  The  predisposition  of  ner- 
vous disease  is  still  more  indirect  at  other  times.  One  man 
dies  of  disease  of  the  brain,  as  his  father  died  before  him,  at  a 
particular  age,  but  it  is  because  both  have  inherited  gout  which 
has  induced  early  arterial  degeneration,  which  in  its  turn  has 
ended  in  rupture  of  a  vessel  in  the  brain,  resulting  in  sudden 
death.  In  another  family  several  children  in  succession  die  in 
the  midst  of  convulsions  followed  by  coma,  but  it  is  because 
they  have  inherited  a  strong  tendency  to  tubercular  disease, 
and  not  from  inherent  weakness  of  the  nervous  system. 

(2)  Age. — The  age  of  the  patient  exercises  a  powerful  effect 
tipon  the  predisposition  to  certain  diseases.  Some  diseases  of 
the  nervous  system  are  peculiarly  liable  to  occur  in  child- 
hood. So  much  is  this  the  case  in  a  certain  form  of  spinal 
paralysis  that  it  has  been  called  infantile  spinal  paralysis,  even 
although  essentially  the  same  disease  occurs  in  adults ;  and  it 
is  notorious  to  everyone  how  very  liable  children  are  to  be 
attacked  with  convulsions  in  comparison  with  adults.  Other 
diseases,  like  hysteria  and  probably  also  neuralgia,  very  ge 
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manifest  themselves  for  the  first  time  during  the  period 
cual  development,  while  others  are  apt  to  come  on  during 
be  period  of  sexual  decline. 

(3)  Sex, — Females  are  more  liable  to  certain  affections  than 
males,  while  the  converse  of  this  rule  also  holds  good.  Hysteria, 
for  instance,  although  by  no  means  limited  to  the  female  sex, 
occurs  with  such  relative  frequency  in  women  that  it  was  at 
one  lime  supposed  to  be  always  due  to  some  uterine  derange- 
ment. Trigeminal  neuralgia  is  much  more  frequently  met  with 
in  females  than  males  ;  while  sciatica,  on  the  other  band,  occurs 
more  frequently  in  males,  probably  owing  to  their  being  more 
^exposed  to  its  exciting  causes. 

^P  (4)  Race. — The  influence  which  race  exerts  in  the  production 
of  nervous  diseases  is  not  well  known,  but  there  can  be  no 
^^ubt  that  the  civilised  races  of  mankind  are  more  liable  to 
^Bcrvous  affections  than  the  less  civilised  races.  And  this  is 
^■uly  what  might  be  expected.  The  complex  conditions  of 
^^vilisation  require  the  organisation  of  a  more  and  more  com- 
^plex  nervous  system  in  the  individual  living  amongst  these 
^feoditions ;  and  during  the  development  of  this  complexity  the 
^■lecbanism  is  apt  to  break  down  at  some  part. 

™    (o)  General  Nutritive  Diaordera  produce  a  strong  predis- 
position to  nervous  disease.    All  diseases  attended  with  ancemia 
and  cachexia  depress  the   nutrition   of  the  nervous  system  ; 
H^ence  the  deleterious  effect  of  loss  of  blood,  chronic  disturbances 
^■tf  digestion,  and  severe  and  protracted  acute  disease. 

(6)  Sexual  Exeeaaea  and  Iivreffularitiea  exercise  a  very 
depressing  effect  upon  the  nutrition  of  the  nervous  system,  and 
are  consequently  powerful  predisposing  causes  of  various  ner- 
vous affections,  such  as  neuralgia,  various  organic  diseases  of 
ihe  spinal  cord,  hysteria,  hypochondriasis,  and  even  the  graver 
psycboaea.  The  effects  of  onaniam  are  generally  supposed 
to  be  more  injurious  than  those  which  follow  excessive  natural 
indulgence,  although  this  has  not  yet  been  proved  beyond 
doubL  There  can  be  no  doubt,  however,  that  frequently 
repeated  onauism,  practised  for  a  succesaioa  of  years,  and 
associated,  as  such  practice  generally  is,  with  habitual  pollutions, 
must  strongly  predispose  to  grave  nervous  diseases. 
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§  37.  Extrinsic  Causes. 

(1)  TraitmatiA:  Influences  are  the  simplest  and  most  direct 
cause  of  nervous  disease.  Wounds,  contusions,  lacerations  of 
every  variety,  may  injure  the  peripheral  nerves,  the  spioal  cord, 
or  the  brain,  and  give  rise  to  the  most  complicated  sensory 
motor,  vaso-motor,  secretory,  and  nutritive  affections,  according 
to  the  extent  and  locality  of  the  lesion. 

(2)  Slow  Compression  of  nervous  tissues  by  pathological 
growths  may  also  gradually  injure  any  part  of  the  nervous 
system,  and  thus  give  rise  to  various  combinations  of  symptoms. 

(3)  Direct  propagation  of  neighbouring  Tnorbid  prooeaaet 
also  frequently  gives  rise  to  severe  affections.  The  transverse 
neuritis,  which  is  set  up  as  a  sequel  of  disease  of  the  vertebrse, 
may  be  mentioned  as  an  example. 

(4)  Exposure  to  Cold  is  a  frequent  cause  of  disease  of  the  J 
nervous  system;   and  the  injurious  effect  of  cold  is  greatly ■ 
increased  when  it  is  combined,  as  is  frequently  the  case,  with 
excessive   fatigue,  want   of  nourishment,  or  other  depressing 
circumstances.     Severe   disease   of   the   nervous  system,  like     i 
tetanus,  for  instance,  is  very  apt  to  arise  in  military  cam'H 
paigns  during   winter,   when   soldiers   are    often  exposed   to " 
extreme  cold  after  the  heat,  excitement,  and  fatigue  of  a  great 
battle.     Exposure  to  cold  and  damp,  with  insufficient  food — 
conditions  which  are  only  too  frequently  combined  in  the  cellar 
livings  and  back-slums  of  our  large  towns — is  a  prolific  source 
of  disease  of  the  nervous  system. 

(5)  Disturbances  of  Circulation,  caused  by  the  suppressioi 
of  the  menses  or  of  hcemorrhidal  discharge,  arterial  fluxion,  an 
venous  congestion,  vaso-motor  disturbances,  embolism,  throm- 
bosis, atheroma  of  the  arteries,  and  various  other  conditions, 
may   be  reckoned    amongst   the   exciting   causes  of   nervous 
disease. 

(6)  Excessive  exertion,  followed  as  it  is  by  exhaustion,  is  a 
powerful  exciting  cause  of  disease  of  the  nervous  system,  and 
becomes  all  the  more  powerful  when  it  is  combined  with  de- 
ficiency of  food  and  exposure  to  cold  and  damp. 

(7)  Tite  local  ileuelopnient  of  various  infective  disei 
such  as  tuberculosis  and  syphilis,  is  a  frequent  cause  of  8ev< 
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of  the  nervous  system.  It  is  probable  that  in  both 
these  diseases  the  vessels  and  their  adventita',  along  with  the 
connective  tissue  or  neuroglia,  are  the  primary  seats  of  disease, 
and  that  the  aflection  of  the  nervous  elements  is  purely  secon- 
dary ;  but  the  symptoms  do  not  differ  from  those  which  would 
be  produced  by  a  primary  affection  of  the  nervous  elements. 

Grave  diseases  of  the  nervous  system  often  arise  in  connec- 
tion with  the  exanthemata,  typhoid,  and  other  continued  fevers, 
pneumonia,  and  other  acute  inflammations,  or  as  the  result  of 
malaria. 

(8)  Chemical  Poisons  of  various  kinds  cause  disease  of  the 

nervous  system,  many  acting  upon  nervous  tissue  more  or  less 

directly,  while  others  appear  to  influence  it  indirectly.     Among 

iie  poisons  which  produce  the  roost  deleterious  effects  upon  the 

reus  system  are  strychnine,  arsenic,  phospliorus,  mercury, 

lead.  The  human  organism  has  become,  through  successive 

derations,  so  adapted  to  the  use  of  ethyl  alcohol  as  an  article 

'  diet,  and  as  a  means  of  increasing  social  enjoyment,  that  it 

ibly  nbw  exercises  the  least  deleterious  influence  on  the 

of  any  chemical  poison  of  the  same  class.    But  notwith- 

this,  the  excessive  consumption  of  alcoholic  drinks, 

iich  is  so  common  amongst  all  classes  of  society,  renders  ethyl 

jhol — the  active  ingredient  of  these  beverages — if  not  the 

at  potent,  at   least  one  of  the  must  important  and  wide- 

pread  of  the  causes  of  disease  of  the  nervous  system. 

Chemical   poisons  are   being  constantly  generated   in   the 

system,  as  the  result  of  normal  disintegrative  processes;  but 

under  healthy  conditions  these  are  eliminated  so  rapidly  by  the 

excretory  organs   that   they  do   not  accumulate  in  suflScient 

quantity  in  the  blooil  to  injure  the  nervous  tissues.     Where, 

however,  the  normal   excretory  processes   are  diminished  or 

armted  by  disease,  or  when  an  undue  quantity  of  those  poisons 

^k generated,  serious  nervous  disorder  results.     It  is  not,  there- 

^^■re,  surprising  to  find  that  the  diseases  of  the  lungs,  kidneys, 

HbhI  of  the  other  excretory  organs  are  freijuently  accompanied 

Hgr  grave  nervous  symptoms.    The  local  application  of  acids  and 

^■tber  powerful  escharotics  injures  the  nervous  tissues,  as  well 

as  the  other  tissues  of  the  body  ;   and  these  agents  are  not 

lofrequeut  causes  of  disease  of  the  nerve  trunks,  which,  from 
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their  position,  are  more  exposed  to  such  injuries  than  the  neire 
centres. 

(9)  Local  IrrUaiion  and  Disease  of  the  Viscera,  such  as 
chronic  affections  of  the  kidneys  and  bladder,  chronic  dysentei; 
and  other  intestinal  disease,  diseases  of  the  uterus  and  its  ap- 
pendages, peripheral  lesions  of  nerves,and  chronicjoint  affectioiu, 
are  often  attended  with  spinal  paralysis,  which  was  at  one  time 
thought  to  be  always  of  reflex  origin,  but  in  many  cases  this 
spinal  affection  is  caused  by  an  ascending  neuritis  having  its 
starting  point  in  the  affected  organ. 

(10)  Psychical  DisturbaTices  are  a  prolific  source  of  disease 
of  the  nervous  system,  and  it  is  probable  that  as  civilisation 
advances  these  causes  will  exercise  a  more  and  more  predomi- 
nant  influence  in  the  production  of  nervous  disease.  The 
depressing  passions,  euch  as  fright,  alarm,  disgust,  terror,  and 
rage  have  no  doubt  in  all  ages  exerted  a  deleterious  influence 
on  the  nervous  system ;  but  in  the  present  day  the  keen  com- 
petition evoked  by  the  struggle  for  existence  in  the  higher 
departments  of  social  life  must  subject  the  latest  evolved 
portion  of  the  nervous  system  to  a  strain  so  great  that  only 
those  possessing  the  best  balanced  and  strongest  nervous 
systems  can  escape  unscathed. 
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OKNERAL  CLASSIFICATION  OF  ELEMENTARY  SYMPTOMS. 

The  nervous  system,  taken  as  a  whole,  is  a  meclianism  by 
meaDs  of  which  all  the  actions  of  the  individual  are  brought 
into  relation  with  one  another  and  with  the  actions  of  external 
•gents  upon  the  organism.  Disease  of  the  nervous  system, 
therefore,  is  indicated  objectively  by  a  loss  of  harmony  between 
the  various  actions  of  the  individual,  and  consequently  all  the 
dtMaaes  of  the  nervous  system  may  be  regarded  as  a  distur- 
bance of  the  harmony  of  motor  actions,  or,  in  one  word,  as  a 
motor  inco-ordination.  In  a  case  of  cutaneous  and  muscular 
ana^stbe8ia  of  the  upper  extremity,  for  instance,  the  patient, 
unless  guided  by  the  sense  of  sight,  will  allow  an  object  grasped 
in  the  hand  to  drop ;  or,  in  other  words,  there  is  a  loss  of 
oo-oidiuation  between  the  impressions  made  upon  the  surface 
and  the  muscular  contractions  by  which  a  healtliy  organism 
responds.  Nor  ia  the  case  diflerent  when  the  absence  of  healthy 
reaction  is  due  to  paralysis  of  the  muscles,  since  this  also  may 
be  represented  as  a  loss  of  co-ordination  between  afl'erent  and 
efferent  impulses.  From  this  point  of  view  all  the  diseases  of 
the  nervous  system  may  be  represented  as  disturbances  of  the 
motor  functions  or  as  Hnesioneuroses.  This  generalisation  is, 
however,  somewhat  too  sweeping,  since  our  objective  knowledge 
of  disease  extends  not  simply  to  the  actions  of  the  organism 
under  observation,  but  extends  also  to  the  changes  of  form 
induced  by  nutritive  changes,  including  the  alterations  of  secre- 
ition  caused  by  disease  of  the  nervous  system.     Our  objective 
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knowledge,  therefore,  includes  nutritive  changes  as  well  as  inco- 
ordination of  motor  actions ;  or  embraces  Twphoneuroaea  as 
well  as  Kinesioneuroses.     So  far  we  have  spoken  only  of  an 
objective  knowledge,  but  our  acquaintance  with  disease  doe* 
not  stop  here,  but  also  includes  a  subjective  knowledge ;  and 
if  the  former  can  be  resolved  into  a  knowledge  of  motor  and 
nutritive  changes,  the  latter  can  be  resolved  entirely  into  a 
knowledge  of  disordered  feeling.     Each  person  can  know  both 
his    own  diseases,  and   the    diseases  of  others,   only  through  M 
his  feelings,    and    the  inferences    deduced    from    these  feel-  ■ 
ings.     And  as  all  diseases  may  be  resolved  objectively  into 
Kinesioneuroses  and  Trop/ioneuroses,  so  all  can  be  resolved 
subjectively  into  disorder  of  feeling  or  ^atlieaioneuroses.     But 
instead  of  maintaining  this  double  classification  from  two  points 
of  view,  the  two  classifications  are  combined  in  practice ;  so 
that  some  symptoms,  although  made  known  to  us  by  disordered 
actions,  are  rapidly  translated  by  us  into  feeling  and  regarded 
subjectively ;   while  other  symptoms,  even  when  only  known 
through  feeling,  are  rapidly  translated  objectively,  and  regarded  ^ 
as  motor  or  nutritive  disorders.  f 

If,  for  instance,  a  slight  touch  on  the  cutaneous  surface  of  the 
hand  of  a  patient  is  followed  by  numerous  contractions  of  the 
muscles  of  the  extremity,  causing  the  hand  to  be  suddenly 
withdrawn,  and  also  by  contractions  of  the  muscles  of  expira- 
tion and  of  vocalisation,  inducing  a  loud  cry,  our  immediate 
inference  is  not  that  this  local  impression  was  accompanied  by 
an  undue  amount  of  motor  reaction,  but  that  it  was  accom- 
panied by  an  undue  amount  of  sensibility  ;  the  case  is  regarded 
not  as  an  instance  of  the  Kineaioneurosea  but  of  the  ^stliesio- 
neuroaeis.  Suppose,  however,  that  the  observer  himself  is  the 
patient,  and  is  sufifering  from  double  vision,  and  that  he  finds 
himself  unable  to  direct  his  right  eye  to  an  object  situated 
to  his  right  without  turning  his  head;  if  he  is  sufficiently 
informed  he  regards  the  case  not  primarily  as  one  of  sensory 
disturbance,  although  this  is  all  he  can  know  of  it  from 
direct  knowledge,  but  as  due  to  paralysis  of  the  external 
rectus  of  the  right  eye  ;  in  short,  he  classifies  the  disease 
not  amongst  the  iEitheaioneuroses  but  the  Kinesioneuroses. 
It  is  manifest,  therefore,  that  the  distinction  between  the  two 
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flfanses  of  ilisease  is  to  a  very  considerable  extent  arbitrary, 
and  that  what  may  be  regarded,  from  one  point  of  view,  as 
a  disorder  of  sensibility  may,  from  another  point  of  view,  be 
regarded  as  a  disorder  of  motor  actions.  And  if  this  be  true 
vith  respect  to  the  .^stbesioueuroses  and  the  Kinesioneuroses, 
it  is  DO  less  true  with  respect  to  the  Kinesioneuroses  and  the 
Trophoneuroses.  Some  forms  of  paralysis,  for  instance,  are 
closely  associated  with  muscular  wasting;  so  that  both  the 
motor  disorder  and  the  trophic  change  are  but  manifestations 
of  one  and  the  same  affection.  Certain  paralyses  of  peripheral 
and  spinal  origin  are  associated  with  atrophy  of  the  affected 
muscles,  and  indeed  I  might  add  of  the  affected  nerves  also, 
80  that  these  affections  could  be  included  amongst  the 
Trophoneuroses  as  well  as  the  Kine.sioneuroses.  But  however 
imperfect  may  be  the  classiRcation  which  divides  the  diseases 
of  the  nervous  system  into  sensory,  motor,  and  nutritive 
disorders,  its  practical  utility  overrides  all  theoretical  objections. 


k 


§  38.  jEstheaioneuroaes. — A  sensation  is  the  conscious  state 

or  feelin;;  resulting  from  the  action  of  external  things  on  some 

part  of  the  body.     Sensations  have  two  meutal  functions  to 

perform:   the  one   intellectual  and  the  other  emotional,  and 

ey  may  consequently  be  subdivided  into  (I)  intellectual  and 

2)  emotional  sensations. 

(1)  IntelUctiuil  Sensations. — In  intellectual  operations  sen- 
MtiouB  are  variously  combined  with  each  other  and  with 
representations  of  sensations  previously  experienced ;  so  that 
the  mind  forms  a  judgment  of  the  objective  cause  of  the 
seaaatioD  ;  or,  in  other  words,  a  perception  of  an  external 
object  is  formed. 

(2)  Emotional  Sensations:  PUasiires  and  Pairis. — In 
tiDOtional  states  a  sensation  is  regarded  as  agreeable  or  dis- 
agreeable, or  as  giving  rise  to  pleasure  or  pain.  This  is  not  the 
place  to  advance  a  complete  theory  of  pleasure  or  pain  ;  but  it 
may  be  remarked  that  an  agreeable  feeling  is  caused  by  a 
certain  moderate  exercise  of  every  part  of  the  sensory 
mechanism,  and  that  a  more  or  less  diffused  liberation  of 
energy,  throughout  the  whole  or  at  least  a- large  portion  of  the 
aenrous  system,  is  the  physical  condition  of  intense  pleasure. 
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When,  on  the  other  hand,  a  considerable  portion  of  tl»e  sensory 
mechanisra  is  not  duly  exercised  a  feeling  of  discomfort  is 
occasioned  ;  and  when  there  is  a  large  liberation  of  energy  in  a 
limited  portion  of  the  sensory  apparatus,  in  a  short  time,  acute 
pain  is  occasioned.  Excess  of  the  normal  stimulus  of  a 
peripheral  end  organ  causes  pain.  A  strong  light  or  a  loud 
noise  also  causes  a  painful  feeling  ;  although  the  feeling  caused 
by  excess  of  stimulus  to  the  end  organs  of  the  cutaneous  sensory 
nerves,  or  to  the  afferent  nerves  themselves,  is  the  type  to  which 
we  usually  refer  our  elementary  painful  feelings. 

(i.)  Rehttion  of  the  strength  of  Ike  Stimulus  to  tlie  intensity 
of  the  resultiny  sensation  in  Health. — The  intensity  of  a  sensa- 
tion varies  according  to  the  strength  of  the  external  stimulus, 
and  the  amount  of  the  irritability,  and  the  consequent  degree 
of  the  specific  resistance  of  the  sensory  mechanism. 

The  sensory  mechanism  consists  of — (1)  a  peripheral  sense- 
organ  for  the  reception  of  external  impressions;  (2)  nerve 
paths  for  the  centripetal  conduction  of  these  impressions  ;  and 
(3)  a  central  sense-organ  for  the  reception  of  the  conducted 
impressions,  The  degree  of  the  irritability  of  the  sensory 
mechani.sm  varies  greatly  within  physiological  limits;  but  for 
practical  purposes  it  may  be  regarded  as  constant  in  health,  and 
the  intensity  of  the  sensation  as  varying  only  in  proportion  to 
the  strength  of  the  external  excitant.  The  relation  between  the 
strength  of  the  stimulus  and  the  intensity  of  the  resulting 
sensation  is  not,  however,  a  simple  one,  even  under  healthy 
conditions. 

A  candle  lighted  in  a  dark  room  gives  us  a  luminous  sensation 
of  a  certain  intensity;  but  a  second  lighted  candle,  although  it 
increases,  yet  does  not  double  the  intensity  of  the  sensation,  and  a 
third  candle  produces  still  less  effect.  The  true  relation  between 
the  degree  of  stimulus  and  the  intensity  of  the  sensation  was 
first  discovered  by  determining  what  increase,  of  a  stimulus 
already  in  action,  causes  the  smallest  possible  increase  of 
sensation,  Weber  was  the  first  to  formulate  the  law  of  rela- 
tion between  the  stimulus  and  the  resulting  sensation.  Weber's 
law  is:  that  the  increase  of  stimulus  necessary  to  produce  the 
smallest  possible  increase  of  sensation  is,  within  certain  limits, 
directly  proportional  to  the  strength  of  stimulus  already  applied. 
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This  law,  which  is  applicable  to  all  the  organs  of  sense,  has 
received  a  more  definite  enunciation  from  Fechner.  Regarding 
sensatioo  as  the  sum  of  a  series  of  increments  of  sensation, 
corresponding  to  increments  of  stimulus,  Fechner  adopted  the 
mathematical  operation  of  integration,  and  concluded  that 
sensations  increase,  not  in  proportion  to  the  strength  of  the 
stimulus,  but  to  the  logarithm  of  the  strength  of  the  stimulus. 

(ii.)  Relation  of  (he  strength  of  the  Stlrmthia  to  the  intensify 
of  the  resulting  sensation  in  Disease. — The  intensity  of  a 
sensation  varies  in  disease,  not  only  according  to  the  strength  of 
the  external  stimulus  applied,  but  also  according  to  the  degree 
of  the  irritability  of  the  sensory  mechanism  itself.  When  the 
irritability  of  the  cells  and  fibres  which  constitute  the  sensory 
mechanism  is  in  any  way  altered,  there  is  a  corresponding  change 
io  the  intensity  of  the  sensation  caused  by  an  applied  stimulus, 
the  healthy  reaction  being,  of  course,  regarded  as  the  standard 
of  comparison. 

(1)  Hifperaslhesia. — If  the  irritability  of  the  cells  and 
fibres  which  constitute  the  sensory  mechanism  is  increased,  the 
intensity  of  the  sensation  resulting  from  an  applied  stimulus  is 
tiao  increased  in  a  corresponding  degree.  When  a  stimulus, 
aach  as  a  touch  on  the  skin,  which  in  health  gives  rise  to  a 
Tery  slight  degree  of  an  intellectual  sensation,  either  causes  an 
undue  amount  of  the  same,  or,  what  is  more,  usual,  induces  a 
painful  feeling,  the  condition  is  called  llr/percesthesla. 

(2)  Hi/per algesia. — When  a  stimulus,  such  as  the  prick  of  a 
pin.  which  in  health  causes  a  slight  degree  of  a  painful  feeling, 
causes  an  undue  amount  of  the  sanae  feeling,  the  condition  is 
called  Hyperalgesia  or  Hyperalgia. 

(3)  Aiuesthesia. — When  the  irritability  of  the  cells  and 
Abres  constituting  the  sensory  mechanism  is   diminished  or 

ished,  the  sensation  resulting  from  a  particular  stimulus 
iraes  also  diminished  or  abolished.  When  tlie  intellectual 
•eusations  are  diminished  or  abolished,  the  condition  is  called 
AruBsthesia.  The  term  HypivMliesia  has  been  introiluced  by 
Eulenburg  to  indicate  diminution  of  sensory  reaction,  while 
be  limits  the  meaning  of  amestliesia  to  its  abolition.  But,  in 
order  not  to  multiply  words,  the  latter  term  will  be  used  in  the 
subse<|uent  pages  in  a  general  sense  as  including  both  conditions. 
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(4)  Aruilgesia.  —  When,  on  the  other  Land,  the  painful 
feelings  induced  by  the  application  of  stimuli  are  diminished 
or  abolished,  the  coudition  is  called  Analgesia  or  Analgia. 
Eulenburg  has  proposed  the  term  hifpalgcsia  or  hypalgia, 
to  indicate  diminution  uf  painful  reaction,  while  limiting 
analgesia  to  its  abolition.  But  we  prefer  to  dispense  with  this 
refinement. 

(5)  Xewalgia. — Pain  is  often  a  symptom  of  disease  in  the 
absence  of  all  external  stimulation.  Severe  pain  accoropanie« 
local  iDflaiiimation  and  other  diseases,  but  at  times  severe 
paroxysms  of  pain,  limited  to  the  course  of  a  sensory  nerve,  is 
the  prominent  symptom  of  the  disease,  and  when  this  ia  the 
case  the  condition  is  called  Neuralgia. 

(G)  Paraisikesia. — Various  other  elementary  disorders  of 
sensation  are  experienced,  independently  of  any  external  im- 
pressions, but  which  cannot  be  included  nnder  any  of  the 
previous  categories,  and  are  therefore  grouped  under  the 
general  term  para'.alhesia,.  The  cutaneous  parajsthesias  are 
such  sensations  as  pruritus,  tickling,  numbness,  furriness, 
crawling,  feelings  of  heat  and  cold.  The  visceral  para-sthesiw, 
which  form  a  very  important  group  of  symptoms,  are  such 
feelings  as  hunger,  thirst,  nausea,  disgust,  the  feelings  of  suffo- 
cation and  fainting,  and  other  organic  sensations.  In  so  far  as 
these  feelings  are  painful  they  may  be  called  Paralgesia!. 

(iii.)  Eetanlation  and  Acceleration  of  Sensory  Conduction, 
Tlie  interval  which  elapses  between  the  instant  at  which  a 
stimulus  is  applied  to  a  sensory  surface  and  the  moment  at 
which  the  subject  makes  a  voluntary  signal  to  indicate  that  the  ■ 
sensation  has  been  perceived,  has  been  called  by  Exner  "  the 
reaction  period."     The  normal  "  reaction  period  "  may  be  either 
increased  or  diminished.     The  conduction  of  centripetal  impres-  ■ 
sions  is  accelerated  in  cases  of  hypericsthesia,  and  retarded  in     ' 
cases  of  aniB-ithesia ;  hence  the  length  of  the  reaction  period 
is   diminished   in   the   former,   and    increased   in   the   latter.  ■ 
Retardation   of  conduction,    however,    is    a    much    more  im- 
portant   and    reliable   evidence   of  disease  than  acceleratiqn, 
inasmuch  as  the  former  is  much  more  easily  estimated  than  the 
latter.     The  normal  reaction    period   is  indeed  so  short  that 
acceleration  of  conduction  can  only  be  detected  by  the  aid  of 
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refined  physiological  mecbanism  ;  but  retardation  of  it,  on  the 
other  hand,  may  occur  to  such  an  extent  as  to  be  readily  appre- 
ciable to  the  unaided  senses,  and  the  symptom  thus  affords  a 
valuable  aid  in  diagnosis. 

§  39.  Kineaioneuroses. — Muscular  contraction  is  caused  both 
in  health  and  disease  by  irritation  of  some  part  of  the  nervous 
system.  The  irritation  may  have  its  seat  in  the  intra-muscular 
nerve  endings,  the  end  plates  of  the  striated  muscles,  or  the 
terminal  fibrils  of  the  unstriped  muscles  ;  it  may  have  its  seat 
io  the  cells  of  the  peripheral  ganglia,  spinal  cord,  or  brain;  or 
the  contraction  may  occur  indirectly  from  irritation  of  the 
centripetal  nervous  apparatus. 

All  niovements  may  be  subdivided  into  three  classes,  viz. 
the  voluntary,  the  reflex,  and  the  automatic. 

(1)  Voluntary  MovcmcntK. — Voluntary  movements  are  caused 
by  stimulation  of  circumscribed  regions  of  the  cortex  of  the 
brain,  called  p«ycho-motor  centres,  the  impulses  being  conducted 
downwards  by  the  fibres  of  the  pynimiikd  tr'act  to  the  spinal 
cord,  and  through  the  motor  nerves  to  the  muscles. 

(2)  Reflex  Movements. — Simple  reflex  movements  are  caused 
by  stimulation  of  afferent  fibres  or  of  their  peripheral  termina- 
tions, the  impulses  being  conveyed  either  to  peripheral  ganglia 
or  the  grey  substance  of  the  central  grey  tube,  and  reflected  by 
the  latter  through  the  efferent  fibres  to  the  muscles. 

(3)  Automatic  Movements. — The  automatic  movements  are 
those  which  occur  spontaneously,  unconsciously,  and  in  the 
absence  of  external  irritation.  To  this  class  belong  the  con- 
tractions which  are  concerned  in  maintaining  various  attitudes 
io  fipAce,  and  which  are  probably  co-ordinated  iu  the  cere- 
bellum, aa  well  as  movements  indicative  of  various  instincts, 
probably  co-ordinated  in  the  basal  ganglia.  But  although  the 
definition  of  automatic  movements  implies  the  absence  of  peri- 
pheral stimulation  in  their  genesis,  it  is  quite  certain  that  many 
of  the  movements  which  are  usually  regarded  as  automatic  are 
induced  by  external  stimulation.  It  is  indeed  exceedingly  diffi- 
cult tu  say  when  a  reflex  movement  ends  and  a  voluntary  or  an 
automatic  movement  begins.  Practically,  however,  the  distinc- 
tions between  these  three  classes  of  movements  are  valid,  and 
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the  theoretical  difficulties  in  defiuiag  them  need  not  be  dis- 
cussed further  at  present. 

§  40.  Relation  of  tlie  strencjth  of  the  SlimuZtis  and  the 
resulting  Contraction,. — But  whatever  may  be  the  nature  of 
the  resulting  movements,  the  muscular  contractions  bear  a 
certain  quantitative  relation  to  the  liberating  stimulant.  The 
quantity  of  motor  innervation  which  reaches  a  muscle  depend.s 
upon  two  factors,  the  primary  irritant  and  the  irritabihty  of  the 
nervous  apparatus  ;  and  when  the  latter  is  constant  the  strength 
of  the  contraction  is  proportional  to  the  strength  of  the  primary 
irritant.  The  degree  of  irritability  of  the  nervous  system,  as  a 
whole  and  in  its  various  parts,  varies  to  a  considerable  extent 
within  physiological  limits ;  but  the  regularity  of  our  voluntary 
movements,  and  of  the  respiratory  and  cardiac  rhythm,  and  of 
other  involuntary  movements,  depends  upon  the  constancy  of 
the  degree  of  irritability  of  the  various  parts  of  the  nervous 
system ;  so  that  in  health  the  strentrth  of  the  contraction  and  of 
the  primary  irritation  are  proportionate  to  one  another.  In 
diseased  processes,  on  the  other  hand,  the  irritability  of  the 
various  sections  of  the  nervous  system  is  greatly  altered,  so  that 
no  assignable  proportion  exists  any  longer  between  the  irritation 
and  the  resulting  contraction. 

§  41.  Varieties  of  Elementary  Motor  Diatiirhancea. — When 
the  irritability  of  the  nervous  motor  mechanism  becomes  in  any 
way  altered  it  gives  rise  to  a  disproportion  between  the  strength 
of  an  applied  stimulus  and  the  resulting  muscular  contraction, 
a  disproportion  which  may  declare  itself  by  excess  or  diminution 
of  reaction  or  by  abolition  of  all  muscular  contraction. 

(1)  Ilyperkiiiesis. — When  a  stimulus  gives  rise  to  muscular 
contractions  which  are  in  excess  of  the  normal  proportion,  or 
when  an  undue  muscular  contraction  occurs  in  the  absence  of 
all  recognisable  external  stimulation,  the  condition  is  called 
hyperkiyusis. 

(2)  Akinesia. — When  there  is  a  diminution  or  abolition  of 
the  power  of  exciting  the  muscles  to  contraction,  either  by 
voluntary,  reflex,  or  automatic  excitation,  the  condition  is  called 
alii/nesis.    The    term    hypoklnesls  has   been  introduced    by 
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Eulenburg  to  deeignate  the  diminution  of  motor  reaction  to 
excitation,  while  he  limits  akinesia  to  its  abolition ;   but,  in 
order  not  to  multiply  words,  the  latter  term  is  used  here  in  a 
,  generic  sense  as  including  both  conditions. 

It  is  doubtful  whether  qualitative  changes  of  motor  activity 
[■re  evei  observed;   hence  it  is  unnecessary  to  form  a  third 
"group  of  motor  disturbances  termed  parakinesis,  corresponding 
to  the  sensory  affections  termed  paraesthesia. 

(3)  Synkinesis. — Although  motor  affections  do  not  present 
any  appreciable  qualitative  alterations,  yet  various  motor 
anomalies  are  frequently  observed  iu  connection  with  paralysis 
or  spasm  of  some  of  the  muscles  of  groups  associated  in  their 
actions,  and  these  may  be  included  under  the  term  SynkiTiesis. 

§  42.  Trnphotteuroses. — Various  experimental  and  patholo- 
gical facts  are  now  accumulated  which  have  led  physiologists 
to  asitume  the  existence  of  trophic  fibres  in  the  peripheral 
nenrea  The  nerves  which  preside  over  nutritive  functions 
are  of  two  kinds.  (1)  Trophic  nerves,  in  the  narrow  sense, 
disease  of  which  induces  nutritive  disorders  iu  various  parts 
f«f  the  body;  and  (2)  Secretory  nerves,  disease  of  which 
induces,  as  a  concomitant  of  nutritive  .changes  in  the  glands 
to  which  they  are  ^supplied,  both  quantitative  and  qualitative 
changes  iu  the  secretion  of  these  glands.  That  the  secretory 
es  are  not  identical  with  the  vaso-motor  nerves,  as  was 
first  conjectured,  has  been  proved  by  the  experiments  of 
Lodwig,  V.  Witticb,  and  Heidenhain,  with  respect  to  the 
secretion  of  the  parotid  and  submaxillary  glands.  Ludwig 
showed  that  the  secretion  of  saliva  is  independent  of  the  arterial 
pressure,  since  irritation  of  the  nerves  of  the  salivary  glands 
causes  the  mauometric  pressure  to  be  greater  in  Wharton's 
duct  than  the  arterial  pressure  in  the  carotid,  and  the  tempera- 
ture within  the  gland  also  to  rise  above  that  of  arterial  blood. 
V.  Wittich  also  proved  that  irritation  of  the  cervical  sym- 
pathetic produces  similar  phenomena  in  the  gland,  even  after 
it  has  b«en  rendered  ansemic  by  the  carotid  having  been 
previously  tied.  Heidenhain  again  proved  with  respect  to  the 
submaxillary  gland  that  certain  poisons,  such  as  sulphate  of 
atropine,   paralyse    the    secretory    nerves,   while   leaving  the 
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circulation  of  the  gland  completely  undisturbed.  If  a  canula 
be  placed  in  Wharton's  duct  in  an  atropised  and  curarised 
animal  and  the  chorda  tympani  be  irritated,  not  a  drop  of  saliva 
will  flow,  even  if  the  action  on  the  vessels  of  the  gland  be 
normal. 

The  elementary  nervous  nutritive  affections  may  be  sub- 
divided into  those  which  are  characterised  by  exces.s  or  by 
diminution  of  nutritive  activity,  manifested  by  an  increase  or 
diminution  in  the  volume,  consistence,  or  colour  of  a  certain 
tissue  or  organ,  or  in  an  increase  or  diminution  of  the  secretion 
of  certain  glands. 

(1  j  Neiii-otic  Hifpertrophij. — Excess  of  nutritive  activity  does 
not  appear  always  to  depend  upon  an  increase  of  the  functions 
of  tlie  trophic  nerves.  Both  irritation  and  complete  division  of 
the  trophic  nerves  may  bo  followed  by  proliferation  of  the 
elements  of  the  tissues  and  increased  size  of  organs,  so  that 
apparently  identical  causes  may  give  rise  at  one  time  to  hyper- 
plastic processes  and  enlargement  of  organs,  and  at  another  to 
hypoplastic  processes  and  atrophy  of  organs.  Mantegazza  ob- 
served hypertrophy  of  the  connective  tissue,  and  of  the  peri- 
osteum, bones,  and  lymphatic  glands  after  experimental  section 
of  nerves  in  animals.  And,  similarly,  division  of  the  large  nerve- 
trunk.-*  in  man,  especially  those  of  the  extremities,  is  not  unfre- 
quently  followed  by  circumscribed  hyperplastic  phenomena  in 
certain  parts,  as  the  skiu,  nails,  hairs,  bones,  and  joints,  side  by 
side  with  atrophy  of  other  parts,  as  of  the  muscles  and  sub- 
cutaneous tissue.  Similar  phenomena  are  also  observed  in 
destructive  processes  in  some  of  the  nerve  centres.  The  experi- 
ments of  Claude  Bernard  and  others  show  that  increase  of 
the  salivary  secretion  may  occur  after  section  of  the  cervical 
sympathetic,  and  therefore  independently  of  its  influence.  It 
is  probable  that  in  such  Ciiaes  we  may  have  to  do  with  nerves 
which  either  directly  or  by  reflex  action  exert  a  regulating  or 
moderating  influence  upon  the  nutrition  and  secretion  of  the 
parts  to  which  they  are  distributed,  and  section  of  which 
removes  this  regulating  or  inhibitory  iufluence.  Other  hyper- 
plastic phenomena,  such  as  the  interstitial  development  of  fat 
in  pseudo-hypertropliy  of  the  muscles,  depend  probably  upon 
chronic  diseased  irritative  processes  in  the  central  nerve  cells. 
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(2)  Neurotic  Atrophy  cornista  of  those  processes  which,  in 
consequence  of  an  abnormal  tropliic  innervation,  arc  accom- 
panie<J  by  diminution  of  the  volume,  colour,  and  consistence  of 

I  certain  tissues  and  organs.  Certainforms  of  arrest  of  development 
and  growth,  and  of  degenerations,  along  with  certain  forms  of 
abnormal  diminution  of  secretion,  belong  to  this  category.  The 
diminution  of  secretion  may  be  brought  about  through  a  para- 
lysis of  the  acceleratory,  or  irritation  of  the  regulatory  or  in- 
hibitory nervea  of  secretion.  Diminished  nutrition  of  parts  is 
probably  induced  by  irritation  of  trophic  fibres.  Neuralgia  is 
frequently  associated  with  diminished  nutrition  of  the  parts  to 
which  the  afiected  nerve  is  distributed.  In  trigeminal  neuralgia, 
for  instance,  there  is  frequent  loss  of  the  colour  of  the  hair  on 
the  affected  side  of  the  head,  or  of  the  cilia  and  superciiia, 
as  well  as  atrophy  of  the  skin  and  of  the  remaining  soft  parts, 
and  also  of  the  bones  of  the  face.  From  what  has  just  been 
said  it  would  appear  that  irritation  of  the  trophic  and  secretory 
nenres  is  at  one  time  followed  by  hyperplasia  and  increase  of 
Becrction,  while  at  another  time  it  is  followed  by  the  opposite 
conditions  of  atrophy  and  diminished  secretion.  Division  of 
these  nerves,  on  the  other  hand,  is  also  followed  by  the  same 
Hphenomena  of  excess  at  one  time  and  diminished  nutrition  at 
^another.  It  is  not  improbable,  therefore,  that  there  are  two 
kinds  of  trophic  and  secretory  nerves,  the  one  acting  as  accele- 
rators and  the  other  as  regulators  of  nutrition  corresponding 
■  to  the  acceleratory  and  inhibitory  nerves  of  the  heart. 
(3)  Neurotic  Paratropldes  and  Dydro-phka.  —  Besides  the 
cooditions  of  abnormal  increase  and  diminution,  qualitative  alter- 
ations of  nutrition  are  observed,  and  these  may  be  called  para- 
trjphifM  or  dystrophies.  It  is  not  improbable  that  the  nervous 
lyatem  is  often  implicated  in  the  growth  and  development 
[of  new  formations.  Qualitative  changes  of  nutrition  occur  in 
Iconsequence  of  abnormal  nervous  influences  and  also  of  certain 
joditiuns  which  are  usually  regarded  as  neuroparalytic  in  their 
Fcbaiacter.  The  arthropathies  of  tabes  dorsalis,  the  tenosynitis 
[of  apoplectic  hemiplegia,  the  circumscribed  erysipelas  and  glossy 
Sogers  which  occur  after  injury  to  the  peripheral  nerves,  are 
sphic  disturbances  which  cannot  be  regarded  either  as  hyper- 
rophics  or  atrophies.    It  is  difficult  in  those  cases  to  estimate 
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ItuvF  much  is  due  to  disturbances  of  the  vaso-tnotor  and  of  the 
trophic  nerves.  But  it  is  probable  that  herpea  and  various 
cutaneous  eruptions  are  caused  by  disease  of  trophic  cutaneous 
nerves,  or  by  an  ascending  neuritis  extending  to  the  ganglia 
of  the  posterior  roots.  The  most  probable  explanation  of  the 
afTection  of  the  eye  which  has  been  described  under  the  name 
of  neuroparalytic  ophthalmia  is  that  it  is  caused  by  injury  of 
trophic  fibres  which  descend  from  the  Gasserion  ganglion  or 
which  are  at  least  found  in  the  trunk  of  the  trigeminus.  But 
another  supposition  may  be  made.  It  may  be  supposed  that 
during  health  the  sensory  nerves  of  a  part  of  the  body  exercise 
a  continuous  iafluence  on  the  trophic  nerves  of  the  same  region, 
similar  to  the  nervous  influence  which  maintains  the  vascular 
tonus.  The  intervertebral  and  the  trigeminal  ganglia,  and  pro- 
bably also  nerve  centres  situated  higher  in  the  cerebro-spinal 
system,  may  be  regarded  as  part  of  this  reflex  mechanism  of 
nutritive  tonus.  Abnormal  increase  or  diminution  of  this  healthy 
excitement  in  the  sphere  of  the  sensory  nerves  may  lead  to 
nutritive  affections  which  assume,  according  to  circumstances, 
the  form  of  hypertrophy,  atrophy,  or  paratrophy.  These  trophic  i 
disturbances  may  therefore  be  called  reflex  trophoneuroses,  andfl 
they  may  be  subdivided  into  those  of  an  irritative  or  depres-  ~ 
sive  character.  This  distinction,  although  theoretically  tenable, 
is,  in  the  present  state  of  our  knowledge,  incapable  of  being 
practically  applied,  inasmuch  as  it  is  impossible  to  discriminate 
the  refle.ic  trophic  disturbances  from  those  which  are  of  direct 
origin.  It  is  possible,  however,  to  maintain  the  distinction  in 
the  CBJie  of  disturbances  of  secretion. 


Elementary  nervous  symptoms  may  also  be  classified  accord- 
ing to  the  tissues  and  organs  affected.     This  anatomical  sub- 
division cuts  across  at  right  angles  the  physiological  one  just 
described,  so  that  both   may  be  combined  in  the  followin, 
scheme : — 
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I. — ^stlieaioneuroaea. — 
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(i.)  Sensory  affections  of  the  skin,  including  the  external  and 
exposed  portions  of  the  mucous  membranes, 
sory  affections  of  the  voluntary  muscles. 
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(ill.)  Sensory  affections  of  the  passive  parts  of  the  locomotive 

apparatus  as  the  bones  and  joints. 
(it.)  Sensory  affections  of  the  internal  parenchymatous  organs, 
(v.)  Sensory  disturbances  of  the  special  senses. 

These  groups  may  be  briefly  characterised  as  cutaneous, 
muscular,  articular,  visceral,  and  sensory  .^sthesioneuroses. 

II— Kinesioneuroaea. — 

(l)  Motor  affections  of  the  muscles  of  external  relation  or  of 
the  striped  muscles,  or  extental  kineaumeurosea. 

(n.)  Motor  affections  of  the  internal  organs  or  visceral 
HnesioTieuroBea. 

(in.)  Vaso-motor  disturbances — vascular  kiriesioneuroaea,  or 
avgioneuroaea. 

Ill— TropAtmettrosea. — 
(l)  Trophic  affections  of  the  nervous  system  itself. 
(n.)  Trophic  changes  of  the  voluntary  muscles, 
(la)  Trophic    affections    of    the    skin    and     epidermoidal 

structures. 
(it.)  Trophic  affections  of  the  joints  and  bones. 
(v.)  Nutritive  and  secretory  disturbances  of  the  glandular 

apparatus. 
(vl)  Trophic  affections  of  the  internal  organs. 
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CHAPTER  IV. 


I.— ELEMENTARY  AFFECTIONS  OF    INDIVIDUAL  SENSOET 
MECHANISMS. 

(I.)-SENSORY  DISTURBANCES  OF  THE  SKIN  (CUTANEOUS 
.•ESTHE9IONEUROSE3). 

§43.    General  and  Special  Cutaneous  Sensations. — The 
sensations  which  are  commuDicated  through  the  skin  maybe 
divided  into  general  or  common  sensations  and  special  or 
tactile  sensations ;  and  each  of  these  groups  raay  be  divided 
into  several  varieties.     The  first  group  consists  of  such  sensa- 
tions as  pain,  itching,  titillation,  sensual    pleasure,  and  tbalfl 
resulting  from  electrical  excitation.     The  second  group  consists    i 
of  the  specififi  sensations  of  pressure  and  temperature,  which 
arise  in  response  to  mechanical  and  thermal  stimuli.     Recent 
observations  appear  to  show  that  painful  irritations  of  the  skin 
are  due  not  to  excessive  irritation  of  the  ordinary  nerve  termi- 
nations, but  to  irritation  of  special  end-organs. 
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§  44.  Tactile  and  Pathic  Channels. — There  seem  to  be  dif-j 
ferent  channels  of  conduction  in  the  spinal  cord  and  brain  for| 
tactile  and  painful  sensations,  called  respectively  tactile  and 
paihic  channels.  It  does  not  appear  improbable  therefore  that 
these  channels  are  connected  with  different  peripheral  terminal 
organs.  In  disease  one  or  more  of  these  channels  may  be 
disturbed  while  the  others  remain  unaffected ;  so  that 
pathological  conditions  may  Le  said  to  analyse  the  various  sen- 
sations into  their  elementary  forms.  In  certain  diseases  of  the 
brain  or  of  the  spinal  cord  hj'peraesthesia  as  regards  temperature 
has  been  observed  while  sensitiveness  to  pressure  was  unaf- 
fected; and,  conversely,  cases  have  been  described  where  tbel 


iKFECTIOSS  or   INOmOUAL  SENSORY   MECHAKISM3. 


93 


'  patient  could  tell  when  he  was  touched,  but  could  not  distin- 
'  guisl)  between  hot  and  cold  bodie.s.     An  analogous  analysis  of 

the  sensations  of  temperature  and  of  pain  may  be  effected  by 
'  aaimple  experiment.     If  the  elbow  is  dipped  into  a  very  cold 

fluid,  the  cold  is  only  felt  at  the  immersed  part  of  the  body ; 

while  pain  is  felt  in  the  finger  points  supplied  by  the  ulnar 

Derve. 

§  45.  Methods  of  Examining  the  Sensory  Apparatus 
Inasmuch  as  sensory  aSections  can  only  l>e  knonru  through  the  state- 
(Miits  Mid  gestures  of  the  patient  it  is  ueceanary  to  proceed  systematically 
^thour  investigation  of  them,  and  to  employ  various  methods  of  testing 
th«  wnsations  of  our  patients  so  that  the  conclusions  derived  from  one 
uethod  may  be  checked,  and  corrected  or  confirmed  by  the  inferences 
ilnn  according  to  other  and  difierent  methods. 

I.  Tett  of  Common  StnMitioiu. — Cutaneous  common  sensations  may  be 
loUd  by  the  prick  of  a  pin,  by  burning,  pinching,  and  firm  pressure. 
Tlu  iDiMt  c(<rUiin  method,  however,  is  the  application  of  the  faradic  cur- 
tot;  since  it  can  be  carefully  graduated  so  as  to  determine  the  minimum 
I  liiBulus  which  causes  either  a  common  sensation  or  a  sensation  of  pain. 
1  Tt»t  of  Rapiiiity  of  Seiuory  ConducCioTv. — It  is  sometimes  very  useful 
to  determine  the  period  which  intervenes  between  the  application  uf  a 
ttimulos  and  the  resulting  sensation,  inasmuch  as  we  have  seen  that  con- 
doctioD  of  centripetal  impressions  is  retarded  in  cases  of  aneesthesia,  and 
iooBlerated  in  cases  of  hypencstbesia. 

The  following  are  the  general  results  obtained  by  physiologists  for 
healthy  individuals  (after  Mc.Kendrick)  : — 


MaMn  of  SUmuliu. 

UK 

ii 

•18 
•13 

•17 
•13 
•15 
•16 
•16 
•15 
•16 
■16 
•23 

Kama  of  Obaarrar. 

Sbock  on  left  hand 

Exner. 
Do. 
Do. 
Do. 
Do. 
Donders. 
VouWittich. 

Vui  tacbgau  &  Iliinigschmid. 
Do. 
Do. 
Do. 

Shock  on  forehead 

Shock  on  toe  of  left  foot 

f  <...!. I...  noise 

:  pressiou  of  electric  spark . 
1  sound 

'o  tongue  causing  tosttr... 
iitea 

Taste  of  »ugar. 

Taste  of  actd 

Taste  uf  quinine 
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Any  serious  departure  from  the  figures  given  in  this  scale,  either  M 
way  of  acceleration  or  retardation  would  indicate  disease.     Accelentiod 
of  the  conduction   cannot  however  be  recognised  without  the  use  oil 
delicate  instruments  ;  hence  it  is  only  necessary  for  practical  purpoan 
to  take  the  retardation  into  account. 

3.  Tests  of  Sense  of  Preimre. — When  a  body  is  in  contact  with  any 
part  of  our  slciu  we  are  conscious,  not  simply  of  a  sensation  of  pressure, 
but  alio  form  a  judgment  with  resiiect  to  the  part  of  our  body  which 
has  been  touched,  and  the  nature  of  the  substance  touching  it.  Bj 
sensations  of  pressure  we  are  able  to  come  to  the  following  conclusions : 
(1)  We  infer  the  existence  of  Rome  substance  touching  our  body; 
(•J)  Variations  in  the  intensity  of  the  pressure  exerted  helps  us  to  estimate 
the  weight  of  the  touching  body  ;  (3)  The  cutaneous  surface  forms  i 

p tactile  field  similar  to  the  field  of  vision,  which  enables  us  to  localise  our 
sensations  of  touch  and  to  refer  them  to  definite  parts  of  the  surface  of 
our  bodies  ;  (4)  Closely  connected  with  our  power  of  estimating  weight 
from  sensations  of  pressure  is  the  power  of  discriminating  betweeo  two 

I  more  cutaneous  i>oints  simultaneously  touched. 

The  sense  of  pressure  must  be  tested  by  the  method  introduced  by 
H.  Weber.  This  method  consists  of  the  super-imposition  of  weights  ia 
order  to  determine  the  smalle.st  difference  which  can  be  perceived.  The 
testing  may  be  carried  on  by  ounce,  half-ounce,  and  drachm  weights,  or 
by  various  coins.  The  variatioDs  in  the  sensations  bear  that  general 
relation  to  the  variations  iu  the  super-imposed  weights  which  is  formu- 
lated in  Fechuer's  law.  In  order  that  the  muscular  sense  moy  be  excluded, 
it  is  necessary  that  the  part  of  the  body  to  be  investigated  should  rest  ou  a 
firm  support,  and  the  sensation  of  temiierature  must  be  excluded  by  the 
interposition  of  a  bad  conductor  of  heat,  such  as  a  small  wooden  disc. 

Euleuburg  has  constructed  an  instrument  for  testing  the  sense  of 
pressure,  which  he  has  named  hardiihesiometer.  It  consists  essentially 
of  a  si>riug  balance,  constructed  so  that  varying  degrees  of  pressure  on 
the  »priiig  may  be  read  off  on  a  diaL     By  means  of  this  instrument 

1  Euleuburg  found  that  a  differential  pressure  of  ,V  to  ,'oin.  can  be 
discriminated  by  the  skii]  of  the  face  —  the  skin  of  the  forehead 
being  esiiecialiy  senititive.  The  i>erception  of  difference  amounted  to 
from  I'o  to  ,'oin.  on  the  skin  of  the  hand  and  arm,  and  on  the  anterior 
aspect  of  the  thigh  and  leg,  and  on  the  dorsum  of  the  foot ;  but  ia  much 
less  acute  on  the  skin  of  the  sole  of  the  foot  and  back  of  the  leg.  When 
the  affection  is  unilateral,  so  that  one  aide  can  be  compared  with  the 
other,  the  results  obtained  are  much  more  reliable  than  when  both  aro 
affected,  inasmuch  as  in  the  latter  cose  a  standard  of  comparison  must  be 
found  iu  another  subject.  It  may  be  mentioned  that  a  colder  weight  ia 
felt  to  be  heavier  than  one  of  the  same  temperature,  or  as  slightly  warmer 
than  the  body  ;  so  that  the  apparent  difference  of  pressure  between  two 
bodies  becomes  greater  when  the  heavier  weight  is  the  colder,  and  less 
when  the  lighter  weight  is  the  colder  of  the  two.     The  aeositiveueas  ia 
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aiao  greater  for  an  increase  than  for  a  decrease  of  the  difference  in  the 
weights,  and  also  greater  for  a  small  abaolate  than  for  a  large  absolute 
pressure. 

Ooltx  has  introdaoed  a  very  efficient  method  for  determining  the 
SBoaUest  possible  variation  in  pressure,  affcscting  a  cutanenua  pnrt,  which 
can  be  perceived.  It  consists  of  an  india-rubber  tube  filled  with  water, 
and  by  rhythmical  prea-sure  waves  analogous  to  tho^e  of  the  arterial  piilso 
•re  produced,  la  order  to  secure  a  constant  surface  of  contact  the  tube 
is  beut  over  a  piece  of  cork  at  the  spot  which  is  intended  to  he  in 
contact  with  the  cutaneous  part  to  be  examined.  This  method  gives  the 
■UB0  aoale  of  resulta  as  the  experiments  of  Weber  with  the  compasses, 
to  be  mentioned  immediately,  with  the  exception  of  the  tip  of  the 
toDgne^  in  which  the  sense  of  presHure,  as  determined  by  Goltz's  method, 
•taiids  much  lower  than  in  Weber's  scale  for  measuring  the  sense  of 
locality. 

4.  Tetii  of  the  Seiite  of  Locality. — The  sense  of  locality  may  be  tested 
by  touching  some  part  of  the  skin  with  the  finger  or  [>oiiit  of  a  needle  whilst 
the  patient's  eyes  are  closed,  and  requesting  him  to  indicate  the  i>oint 
touched.  According  to  E.  H.  Weber  the  error  in  healthy  i)ersons  is  about 
equal  to  the  minimum  distance  at  which  the  points  of  a  pair  of  compasses 
can  be  recognised  as  separate  in  different  parts  of  the  skin.  The  distance 
at  which  the  p<iints  of  the  compasses  must  be  separated  from  one  another, 
in  order  to  be  felt  as  two,  varies  for  different  regions  of  the  body.  The  follow- 
ing may  be  taken  as  the  normal  scale,  from  which  any  marked  deviations 
muat  be  r^arded  as  pathological : — The  tip  of  the  tongue,  1*18  mm. ;  the 
extremitien  of  the  fingers,  2'25  mm. ;  the  dorsal  side  of  the  first  phaknx, 
KJmjBi. ;  the  bock  of  the  hand,  31  mm. ;  the  upper  arm  and  thigh,  77  mm. 
The  MOalletit  required  distance  is  less  in  tbe  transverse  than  in  the  longi- 
tudinal direction  in  the  limbs  ;  it  is  less  when  the  points  are  placed  on 
tbe  akin  one  after  the  other  ;  it  is  less  wheu  the  surfaces  vary  in  structure, 
•a  tbe  iuoer  and  outer  surface  of  the  lips  ;  it  is  less  wlieii  beginning  with 
larger  distances  and  gradually  diminishing  the  distance  until  both  sensa- 
tiooa  blend,  than  when  beginning  with  the  smaller  di8tance.s  and  gradually 
tnilDg  that  distance  at  wiiich  the  two  separate  sensations  make  their 
•|i{i«arance  ;  and  it  also  becomes  smaller  by  practice.  Tbe  power  uf  dis- 
enmiuatiou  is  greater  when  the  points  of  the  compasses  nre  moved  instead 
of  being  kept  stationary  ;  hence  in  testing  the  sense  of  locality  it  is  useful 
to  move  the  points  of  the  compasses  over  the  skin  in  two  parallel  lines, 
and  to  note  the  variations  in  the  apparent  distance  which  occurs  in 
different  localities.  The  compasses  will  seem  to  the  patient  to  widen  in 
the  must  sousitive  parts,  and  to  narrow  or  blend  in  the  less  sensitive  parts. 
Tbe  poiuta  of  the  com;iasses  may  be  blunted  with  sealing-wax  ;  or  points 
of  •onw  non-cnnducting  substance,  such  as  ivory  or  wood,  may  be  used 
10  aa  to  eliminate  the  effects  of  the  sense  of  tem[>erature.  It  may  be 
BaBtioDed  that  when  the  points  of  the  compasses  are  just  sufficiently 
aeparated  to  give  rise  to  two  distinct  impressions,  if  one  of  the  points 


be  pressed  forcibl3r,  the  other  ceases  to  be  distinguished,  and  the  two 
impressions  bleud  when  the  skin  between  the  points  is  irritated  \<j 
tickling  or  by  induction  currents. 

In  order  to  explain  these  phenomena  it  is  neceaasry  to  assuiao  that 
tbe  surface  of  the  skin  forms  a  field  of  tactile  sensibility  which  is  com- 
posed of  tactile  areas  or  units.  The  tactile  sensation  is  a  symbol  to  oi 
of  some  external  event,  and  we  refer  the  sensation  to  itn  appropriate  place 
in  the  field  of  touch.  The  sjxjt  to  which  the  sensation  is  referred, 
however,  doe-s  not  corroapond  accurately  with  the  spot  irritated,  but  to 
the  surface  of  variable  exteijt  siirrouuding  tlii.<«  point  and  which  con.'^titutes 
the  tactile  area  or  unit.  When  two  such  areas,  which  partly  touch  or 
overlap  each  other,  are  stimulated,  they  cannot  be  separately  perceived, 
and  the  separation  does  not  take  place  until  there  is  a  non-irritated 
sensory  portion  between  the  two  stimulated  areas.  These  tactile  areas, 
however,  cannot  be  regarded  as  fixed  and  as  corresponding  to  tbe 
anatomical  distribution  of  the  terminal  nerve-fibres,  since  such  an  area 
exists  round  ?ach  cutaneous  point  ;  and  the  improvement  by  attention 
and  practice  in  the  sense  of  touch  cannot  be  supposed  to  \ie  due  to  tbe 
growth  of  new  nerve-fibres  in  tbe  skin.  It  must,  therefore,  be  assumed 
that  the  transmission  of  the  irritation  of  one  nerve-fibre  to  another  nerve- 
fibre  in  the  neighlwurhood  is  a  central  process.  It  may  be  conjectured 
that  there  are  centra!  sensation  areas  corresponding  to  the  peripheral 
ones ;  and  that  it  i.s  by  a  more  exact  limitation  of  these  areas  the  improve- 
ment in  the  .sense  of  locality  takes  place. 

When  the  parts  8i>eciaily  u.sed  for  discriminating  the  finer  distinctions 
between  objects,  as  the  tips  of  tbe  fingers  and  the  palms  of  the  handn, 
are  to  be  tested,  the  patient  may  be  allowed  to  handle  small  common . 
objects,  as  pieces  of  money  or  buttons,  and  asked  to  describe  them  with 
closed  eyes.  It  may  also  be  ascertained  whether  the  patient  can  dis- 
tinguish by  touch  alone  a  smooth  and  a  rough  surface,  or  a  bard  and 
soft  object,  or  whether  he  can  with  closed  eyes  distinguish  the  head  from 
the  point  of  a  needle. 

5.  Tests  of  Sensalwtia  of  Temperature. —  When  the  tem{>erature  of  the 
skin  is  raised  or  lowered  we  expenence  sensations  of  heat  and  cold  respec- 
tively ;  and  when  the  variations  of  temperature  are  produced  by  bodies 
iu  contact  with  the  skin  we  form  judgments  with  respect  to  their  tempe- 
rature. The  range  of  most  accurate  sensation  ties  between  27°  and  SS^C, 
then  variations  Iwtweeu  33"  and  39°C,  and  lastly  between  14°  and  S7°C 
(Nuthiiagel).  Variations  above  and  below  these  limits  are  no  longer 
specifically  felt,  but  produce  general  sensations  of  feeling  rapidly  rising  to 
pain.  The  change  in  temperature  is  felt  more  intensely  the  more  rapid  ita 
occurrence,  and  the  larger  the  affected  surfaces. 

The  sense  of  temjierature  may  be  roughly  tested  by  the  application  of 
hot  and  cold  bodies  ;  but  various  means  have  been  adopted  to  ensure 
greater  accuracy  and  delicacy.  A  ready  and  delicate  test  is  to  see 
whether  the  patient  can  distinguiah  with  certainty  between  a  cool  current 
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r,  such  08  may  be  produced  hy  blowing  upon  the  part  from  a  dis- 

bce,  and  a  warm  one  produced  by  breathiug  u[>oa  it  iu  close  proximity. 

Bother  method  is  to  put  the  part  successively  into  water  of  various 

aperatures,  so  as  to  determine  the  smalleet  difference  of  temperature 

luch  can  be  i)erceived.     Weber  employed  for  this  purpose  small  phials 

,  with  oil  of  known  temperature.     In  practice  it  is  more  convenient 

I  two  test  tubes,  one  filled  with  cold  and  the  other  with  warm  water. 

th  Mothnagel  and  Eulenburg  have  constructed  thermreHhvtiomtteri  fur 

purpose.     Nothuagel  found  the  smallest  perceptible  difference  of 

nperature  to  be  the  following  : — Ou  the  breast,  O^" ;  on  the  back,  0'9°  ; 

of  the  hand,  Oa"  ;    palm  of  the  hand,  (Vi"  ;  arm,  0-2°  ;  back  of  the 

,  0-4°  ;  lower  extremity  from  OS"— 06°  ;  cheek,  0-4°— 0-2°  ;  the  tem- 

,  0-4''— 0-3°.     These  results  conform  ia  the   main  with  what  had 

fnaxuXj  been  ascertained  by  Weber. 

§  46.  Cutaneotia  Ancnstheaia. 
I  Cutaneous  Aneesthesia   is  characterised   by   diminution   or 
ilitioD  of  the  functioa  of  the  cutaneous  sensory  mechanism. 
len  the  sensibility  to  pain  is  diminished  or  abolished  the 
condition  is  designated  Analgesia  or  Anulgia,  and  Eulenburg 

fe\  proposed  to  call  the  condition  in  which  tactile  sensibility  ia 
ne  affected  by  the  name  of  Apaelupliesia  (Eulenburg). 
Diminution  of  tactile  sensibility  is  not  necessarily  associated 
ith  a  corresponding  condition  of  common  sensibility.     Dimi- 
or  abolition  of  tactile  sensibility  may  indeed  be  asso- 
witb  cutaneous  hyperalgesia ;  and,  conversely,  cutaneous 
sia  may  be  associated  with  increased  acuteness  of  tactile 
jility.     And  even  the  various  forms  of  tactile  sensibility, 
the  senses  of  pressure,  of  temperature,  and  of  locality,  are 
,  always  equally  affected,  since  one  or  more  of  them  may  be 
cened  or  abolished  while  the  others  remain  unafi'ected  or 
increa.sed. 
Total   and  Partial   Sensory  Paralyses.  —  If   all  forms  of 
Itaneous  sensibility  are  lost,  then  the  condition  is  called  total 
yry  paralysis ;   but  if  the  tactile  sensations  are  diminished 
boli-shed  while  the  common  sensations  are  preserved,  or, 
Dnversely,  if  the  common  are  lost  while  the  tactile  sensations 
preserved,  the  condition  is  called  partial  sensory  paralysis. 
I,  if  one  or  more  of  the  tactile  or  common  sensations 
(ened  or  lost  while  others  are  preserved,  the  conditions 
'called  respectively  partial  tactile  paralysis  and  j>artial 
H 
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paralysis  of  common  a&nsation.     All  possible  combinations  of 
partial  paralysis  of  the  various  forms  of  sensation  have  been 
observed    and   described ;    but    the   most   usual   combination 
observed  is  the  loss  of  t)ie  sensation  of  pain  (analgesia),  witk. 
complete  preservation  of  the  tactile  sensibility. 

§  47.  Symptoms. — Diminution  or  loss  of  cutaneous  sensi- 
bility declares  itself  by  the  statements  and  gestures  of  the 
patient.  The  statements  of  the  patient  are  often  very  vagxie, 
and  can  only  be  relied  upon  when  they  are  made  in  answer  to 
the  definite  tests  which  have  already  been  described.  These 
tests  must  be  methodically  applied,  in  order  to  determine 
whether  every  form  of  cutaneous  sensibility  is  affected,  or 
whether  one  or  more  of  the  forms  of  sensation  are  alone 
implicated.  The  extent  and  degree  of  ansesthesia  must  also 
be  determined.  Diminution  or  loss  of  tactile  sensibility  must 
be  determined  by  applying  the  tests  for  the  senses  of  pressure, 
temperature,  and  locality ;  while  diminution  o^■  loss  of  the 
common  sensations  must  be  determined  by  pinching,  tickling, 
application  of  the  faradic  brush,  and  pricking  with  a  needle. 

In  the  higher  degrees  of  anaesthesia  the  patient  feels  as  if 
his  limbs  were  altogether  absent,  and  as  if  in  walking  he 
stepped  on  air.  The  usual  sensations  are  wanting  during 
manual  labour,  and  small  objects  fall  out  of  the  hands  unleas 
the  patient  controls  their  action  by  means  of  the  sense  of  sight 

Associuted  Symptoms. — The  symptoms  of  anausthesia  arise 
partly  from  the  diminution  or  abolition  of  normal  sensations 
and  partly  from  associated  conditions.  When  cutaneous  sensi- 
bility is  diminished  the  patient  frequently  complains  of  various 
para3sthesiiE,  as  "  numbness,"  "  furriness,"  "  crawling,"  or  fur- 
mication.  The  patient  feels  at  times  as  if  his  fingers  were 
covered  with  gloves,  as  if  something  were  between  the  skin 
and  the  bodies  touching  it.  During  walking  the  patient  may 
feel  as  if  he  were  stepping  on  wool  or  on  a  carpet  or  on  bladders 
filled  with  water. 

Pain  is  frequently  associated  with  anaesthesia  when  the 
affection  is  caused  by  injury  to  the  peripheral  nerves.  The 
irritation  which  causes  the  pain  is  situated  in  a  part  of  the 
sensory  nerve  above  the  point  where  its  conduction  is  int 
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ipted  ;  but,  in  accordance  with  the  law  of  eccentric  projection, 
the  pain  is  referired  to  the  surface.  When  severe  pain  has 
been  felt  in  the  an.-csthetic  part  the  condition  has  been  called 
aiutJitfieaia  dolorosa.  It  is  sometimes  difficult  to  determine 
whether  a  particular  case  is  to  be  regarded  as  one  of  anjesthesia 
neuralgia,  or  motor  paralysis,  inasmuch  as  the  symptoms  charac- 
teristic of  each  affection  are  combined  in  various  waya  The 
special  senses  are  sometimes  affected,  especially  when  the  cause 
of  the  anesthesia  is  central,  or  when  the  disease  is  situated  in 
[  nerves  which  contain  fibres  of  special  sense,  as  the  lingualis. 
Loss  of  taste  and  of  smell  are  the  moat  common  affections  of 
special  sense  which  are  associated  with  ancesthesia;  loss  of 
bearing  is  less  frequent,  and  loss  of  sight  is  rare. 

I  §48.  Diatribittion  of  Anfesthesia. 

(1)  Circumscribed  Ancestliesia. — In  this  form  the  sensory 
ipamlysis  is  limited  to  the  district  supplied  by  certain  nerve 
Ftmnks,   or   it  may  even   be   limited   to   small  circumscribed 

patches  of  the  skin.  The  lesions  which  give  rise  to  this  form 
may  be  situated  in  the  course  of  the  nerves,  their  peripheral 
terminations,  or  posterior  roota. 

(2)  AruxJithesia  in  the  form  of  a  Girdle. — In  this  form  of 
the  affection  a  zone  of  varying  width  surrounding  the  body  on 
ooe  or  both  sides  is  found  to  be  ansesthetia  This  zone  may  be 
atoated  at  various  levels,  and  may  therefore  pass  round  the  pel- 
TO,  abdomen,  thorax,  or  even  the  region  of  the  shoulder  or  neck. 
It  is  caused  by  disease  of  the  spinal  cord  or  of  its  membranes 

t  having  only  a  limited  longitudinal  extent,  and  implicating  the 
posterior  roots  of  the  nerves  or  the  posterior  grey  comua, 

(3)  Para-aiuBstkesia. — At  times  the  aniEsthesia  is  limited  to 
I  the  lower  extremities  and  lower  half  of  the  body,  and  the 
'  affection  may  then  be  called  paranaiatJiesiu,     The   affection 

may  at  times  be  unilateral  or  limited  to  one  extremity  or 
portion  of  the  trunk.  This  variety  of  disease  is  usually  caused 
by  diseases  of  the  spinal  cord,  which  destroy  a  portion  of  it 
more  or  less  completely  in  a  transverse  direction,  and  thus 
'  prevent  afferent  impulse  being  conveyed  to  the  cerebrum; 
but  it  is  sometimes  of  functional  origin,  and  then  is  associated 
with  hysteria. 
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(4)  Hemi-aiKBsthesia. — The  anasthesia  may  be  distributed   _ 
over  the  entire  half  of  the  bodj,  face  and  extremities  included,  fl 
the  aniKsthetic  parts  being  usually  separated  from  the  healthy 
parts  by  the  medium  line.     In  these  cases  the  special  senses, 
as  well  as  the  accessible  mucous  membranes,  are  usually  impli- 
cated in  the  affection,  taste  and  smell  being  usually  abolished 
on  the  antesthetic  side,  but  the  acuity  of  hearing  and  vision  on 
that  side  is  only  diminished,  not  abolished.     In  this  variety 
of  the  affection  the  lesion  is  usually  situated  in  the  posterior  ■ 
part  of  the  optic  thalamus,  and  interfering  with  conduction 
through  the  fibres  of  the  posterior  third  of  the  internal  capsule, 
the  optic  radiations  of  Gratiolet.     This  variety  is  also  often 
functional  origin,  and  is  then  associated  with  hysteria. 


1  o{M 


§  49.   Varieties  of  Partial  Sensory  Paralysis. 

(1)  Analgesia. — The  most  usual  form  of  partial  sensory 
paralysis  is  that  in  which  the  sense  of  pain  is  abolished  while 
the  other  forms  of  sensibility  are  either  unaffected,  or  only 
affected  to  a  alight  extent  Analgesia  may  be  circumscribed  or 
distributed  over  the  lower  half  of  the  body,  a  condition  which 
may  be  called  para-analgesia,  or  implicate  the  lateral  half, 
constituting  hemi-analgesia.  fl 

(2)  Thermo-AyicBstliesia. — Insensibility  to  heat  or  cold  may  ™ 
at  times  occiu-  as  an  isolated  affection.     When  the  sense  of 
temperature,  however,  is  the  only  one  affected,  its  loss  is  usually  ■ 
limited  to  more  or  less  circumscribed  portions  of  the  skin,  as 
that  over  the  backs  of  the  feet  and  patches  of  the  cutaneous 
surface  of  the  leg.  ■ 

(3)  Tactile-Anasstliesia. — "When  there  is  loss  of  tactile  sense 
without  any  other  affection  of  sensibility,  the  amusthesia  is 
generally  found  distributed  in  patches  over  the  skin  of  the 
lower  extremities.  The  degree  of  tactile  sensibility  must  be 
estimated  by  a  methodical  application  of  the  tests  already 

B  described.  Of  all  the  diseases  which  give  rise  to  partial  forms 
H  of  paralysis,  locomotor  ataxy  is  the  moat  common  and  impor- 
H  tant.  In  this  affection  the  posterior  roots  of  the  nerves  are 
I  diseased ;  but  the  disease  being  chronic  and  progressive  the 
H  root-fibres  are  implicated  gradually  and  successively,  and  not 
H     simultaneously. 
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(4)  Retardation  of  Conduction  in  Partial  Sensory  Para- 
lyBtt. — Retardation  of  sensory  conduction  may  be  employed 
as  a  test  of  any  form  of  anesthesia,  but  in  ttie  partial  varieties 
it  gives  rise  to  several  anomalous  phenomena  which  demand 
separate  mention. 

(a)  Separati&n  of  Tactile  and  Painfid  Impresaiona. — 
Remak,  Leyden,  and  several  other  authors  have  drawn  attention 
to  the  fact  that  in  cases  of  locomotor  ataxy  the  prick  of  a 
needle  causes  a  prompt  feeling  of  touch,  which  is  frequently 
followed  in  two  or  three  seconds  by  a  feeling  of  pain.  In 
caaes  of  thermo-anxsthesia,  a  test  tube  holding  hot  water 
may  at  first  give  rise  to  an  immediate  feeling  of  touch,  to  be 
loUowed  in  two  or  three  seconds  by  a  sensation  of  temperature. 

(6)  Double  Painful  Sensations. — Another  curious  sensory 
phenomenon  has  been  described  by  Naunyn.  He  noticed  in 
several  cases  of  locomotor  ataxy  that  pricking  the  skin  on  the 
back  of  the  foot  with  a  needle  was  followed  by  a  first  painful 
senaatioD,  and  when  this  had  subsided  by  a  second  painful 
Eeosation,  the  latter  being  usually  of  greater  intensity  and  longer 
duration  than  the  former.  The  first  is  felt  after  a  lapse  of  two 
and  a  half  to  three  seconds  subsequent  to  the  prick,  but  the 
•eeond  is  not  felt  until  after  another  interval  of  from  two  to  five 
seconds.  This  author  found  that  the  patients  did  not  always 
experience  a  distinct  interval  between  the  two  sensations,  and 
this  blending  of  two  sensations  which  are  occasionally  distinct 
leads  us  to  mention  one  or  two  other  anomalies  which  are 
probably  due  to  retarded  conduction,  and  are  at  least  found 
under  the  same  physical  conditions. 

(c)  Persistent  after- Sensations. — The  first  of  these  consists 
of  very  persistent  after-sensations.  When  the  skin  of  the 
patient  is  pinched  or  pricked  with  a  needle  the  resulting  sensa- 
tion begins  more  slowly,  gradually  increases  in  intensity,  is  more 
fccvere,  and  much  slower  in  its  disappearance  on  the  diseased 
than  on  the  healthy  side.  The  fact  that  the  sensation  begins 
more  promptly  on  the  sound  than  on  the  diseased  side  shows 
that,  in  the  case  of  the  latter,  sensory  conduction  is  retarded.  But 
retardation  of  conduction  means  increase  of  the  specific  resistance 
of  the  afferent  conducting  apparatus,  which,  in  its  turn,  means 
that  the  impulses  which  reach  the  cortex  of  the  brain  in  the 
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diseased  must  be  stronger  than  on  the  healthy  side  in  order  to 
overcome  that  resistance,  and,  being  stronger,  they  give  rise  to 
the  stronger  and  more  persistent  pain. 

(d)  Inability  to   CcniTit  Successive  Invpressions. — Closely 
connected  with  these  persistent  after-sensations  is  the  inability 
of  the  patient  to  count  correctly  several  impressions  made  io 
quick  succession.     Enumeration  of  successive  impressions  pre- 
supposes an  interval  to  elapse  between  the  sensation  caused  by 
each,  but  when  the  conduction  is  retarded  each  sensation  is 
unusually  prolonged  so  that  the  one  does  not  fade  before  the 
other  begins  and   counting  becomes  impossible.     Schiff  has 
shown,  experimentally,  that  a  transverse  narrowing  of  the  grey 
substance  causes  a  retardation  of  the  conduction  of  sensation, 
the  degree  of  which  corresponds  closely  with  the  amount  of  the 
grey  substance  destroyed.     It  may,  therefore,  be  presumed  that 
wherever  retarded  sensation  exists  there  is  disease  of  the 
posterior  grey  cornua  of  the  spinal  cord  ;  a  supposition  which 
also  explains  why  the  retardation  affects   by  preference  the 
sense  of  pain. 


I 


§  50.  Ouiaiieoua  HyperceatJiesia. 

Increase  of   ike  Tctdile   Sensihiliiy   (Hypeirpselapkesia).  I 
Abnormal  acuteness  of  tactile  sensibility — to  which  Eulenburg 
has  given  the  name  of  Hyperpselifphesia — declares  itself  by  ^ 
excessive  reaction  to  the  various  methods  already  described  for  fl 
testing  the  senses  of  pressure  and  locality.     The  sensibility  to 
minimum  differences  of  pressure  may  be  excessive,  so  that  a 
much  smaller  difference  than  usual  is  perceptible.    The  dia- 
meters of  the  areas  of  sensibility  may  also  be  unusually  small. 
Increase  of  the  sense  of  locality  is  sometimes  observed  in  acute 
cutaneous  affections,   such   as    in    vesication,   erysipelas,   and 
zoster ;  and  it  may  or  may  not  be  associated  with  a  correspond-  ■ 
ing  increase  of  the  sense  of  temperature,  and  of  the  cutaneous 
common  feelings. 

FolycBHtfiesia. — Brown-S^quard  first  drew  attention  to  the 
fact  that  under  some  circumstances  one  point  of  the  compass  is 
felt  by  the  patient,  on  being  placed  on  the  skin,  as  two,  three, 
or  five  points.  Fischer  proposes  to  call  this  condition  Poly- 
ceathesia. 
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Local  hypersesthesia  of  the  tactile  sensibility  may  be  induced  eiperi- 
otally.  On  passing  a  moderate  constant  current  through  the  skin, 
irease  of  the  sense  of  locality  may  be  found  at  the  cathode  (Sualowa). 
When  local  anicmia  is  artificially  produced  by  an  extremity  being  main- 
lined in  an  elevated  position,  the  sense  of  temperature  is  increased, 
bile  there  ia  a  diminution  of  the  sense  of  locality  in  the  affected  portions 
skin.  The  tactile  sensibility  is  also  increased  by  carbonic  acid  hatha, 
ltd  by  chloride  of  sodium  and  sea  baths. 
It  is  very  probable  that  many  cases  of  nervous  palpitations  and  of  the 
.tion  of  pulsation  in  many  of  the  arteries  of  the  body  are  due  to  a 
fpersBsthesia  of  the  sense  of  pressure. 

§  51.  Distribution  of  Hypercestlieaia. — ^The  distribution  of 
jrpenBsthesia  is  more  or  less  similar  to  that  of  anaesthesia.  It 
lay  occur  in  more  or  le.ss  circumscribed  patches,  or  be  limited 
\  the  distribution  of  individual  nerves,  or  it  may  implicate  the 
wer  half  or  the  lateral  half  of  the  body,  just  as  has  already 
jea  described  with  respect  to  anaesthesia.  Hypera-sthesia 
equently  precedes  anaesthesia;  and,  as  previously  obserred, 
>me  forma  of  sensibility  may  be  in  excess,  while  others  are 
really  diminished. 
(rirdh  Sensation. — A  subjective  perception  which  produces 
e  impression  of  having  a  girdle  or  a  broad  bandage  tied  about 
e  trunk  or  limbs  is  a  very  common  accompaniment  of  all 
linal  diseases.  When  situated  at  the  upper  part  of  the  thorax, 
may  be  accompanied  with  a  severe  sense  of  pressure,  and  is 
Iways  very  troublesome  to  the  patient.  It  may  occupy  various 
ivels  on  the  trunk,  but  may  also  attack  various  parts  of  the 
•wer  extremities,  particularly  in  the  region  of  the  ankle  and 
nee,  of  one  or  both  sides.  The  sensation  is  probably  produced 
f  a  slight  excitation  of  the  entering  posterior  roots  in  cases 
hen  the  spinal  affection  is  limited  in  its  longitudinal  extent. 
't  usually  accompanies  inflammatory  or  other  morbid  conditions 
the  cord,  and  originates  with  the  root-fibres  which  occupy 
e  upper  limit  of  the  disease.  Any  sort  of  local  disease  of  the 
rd  and  ita  neighbouring  parts  which  irritates  the  posterior 
©Ota  to  a  moderate  extent  may  produce  the  symptom. 


§  52.  Cutcuneovbs  Thermo- Hyj^eraathesia. — ^The  sensibility  to 

inimum  differences  of  temperature  may  be  in  excess.     This 

urs,  for  instance,  when  the  epidermis  is  removed  by  vesica- 
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tioQ,  and  in  cases  of  herpes  zoster.  la  the  early  stages  of  tabes 
dorsalis  the  sense  of  temperature  is  often  abnormally  acute. 
Patients  who  suflfer  from  other  forms  of  sensory  irritation  often 
complain  of  an  intense  feeling  of  burning  or  of  cold,  and 
Brown-Sdquard  thinks  that  these  sensations  are  caused  by 
disease  of  the  fibres  of  the  grey  substance  of  the  spinal  cord, 
which  conduct  sensations  of  temperature.  Schiff  attributes 
these  sensations  to  vaeo-motor  disturbances  taking  place  in 
parts  already  rendered  hyperajsthetic. 

(1)  Causalgia. — The  distressing  pain  which  Weir  Mitchell 
has  named  Causalgia  appears  to  belong  to  the  thermo-hyper- 
celkesice.  This  pain  is  variously  described  by  patients  as 
"  burning,"  or  as  "  mustard  red  hot,"  or  as  a  "  red  hot  file 
rasping  the  skin"  (Mitchell).  It  is  generally  associated  with 
glossy  skin,  but  often  precedes  the  trophic  changes  of  the  skin. 

(2)  Dyacvstliesia. — Under  the  term  dysanOiesia  Charcot  de- 
scribes a  sensation  of  a  peculiarly  distressing  and  vibratory 
character,  which  ascends  towards  the  central  end  of  the  limb, 
and  descends  towards  its  extremity.  The  sensation  is  elicited 
by  the  slightest  touch  of  tbe  limb  or  the  application  to  it  of  a 
cold  body,  and  it  persists  several  minutes,  or  even  a  quarter  of 
an  hour  after  the  exciting  cause  has  ceased  to  act.  After  some 
little  period  of  time  has  elapsed  an  analagous  sensation  may  be 
felt  at  a  corre.spouding  point  of  the  limb  opposite  to  the  one 
primarily  excited. 

(3)  Hyperamthetlc  Spots. — During  the  paroxysms  of  lightning 
pains  in  locomotor  ataxy,  circumscribed  patches  of  the  skin, 
generally  of  the  lower  extremities,  become  exquisitely  painful 
to  touch.  These  patches  are  also  subject  to  attacks  of  sponta- 
neous pains  of  a  burning  character.  One  patient,  in  describing 
this  pain,  compared  it  to  the  sensation  that  might  be  caused  by 
rubbing  into  the  skin  a  burning  vesuvian  match. 

§  53.  Cutaneoiis  HypiraUjeaia. 
Increased  sensibility  of  the  common  sensations  is  much  more 
usual  than  increase  of  tactile  sensibility.    In  conditions  of  irri 
tation  of  the  sensory  nerves  stimuli,  which  only  give  rise  to  the 
slighter  forms  of  common  sensibility  in  healthy  persons,  such 
as  tickling,  now  give  rise  to  pain ;  and  even  stimuli,  which  la 
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health  gives  rise  to  tactile  sensations,  become  painful.    The 

contact  of  the  skin  in  health  with  a  cold  body  gives  rise  to  a 

^ftsensation  of  temperature,  but  not  to  pain ;  but  in  conditions 

^Pof  irritation  of  the  sensory  nerves  such  contact  gives  rise  to 

I  pain,  while  the  acuteness  of  the  sense  of  temperature  itself  is 

Hiiiminlshed  ;  and  the  slightest  contact  with  a  body,  which  gives 

^Vrite  to  scarcely  any  sensation  of  pressure  in  a  healthy  person, 

Vmay  become  exquisitely  painful  under  these  circumstances. 

r        Ligldniruj  Pains. — Besides  the  pain  caused  by  the  contact 

of  ordinary  substances  with  the  surface,  intensely  distressing 

ptuos,  occurring  more  or  less  spontaneously  and  in  paro.vysms, 

are  amongst  the  most  characteristic  symptoms  of  certain  spinal 

afifections,  as  locomotor  ataxy.    These  pains  have  been  described 

under  the  names  of  general  neuralgia  or  neuralgic  rheumatism, 

and  are  compared  by  the  patients  to  forked  lightning  darting 

through  the  body;  hence  they  are  called  lightning-like  or  lanci- 

oatiug  pains.    They  usually  come  on  in  paroxysms,  which  occur 

•eversJ  times  in  a  year  or  in  a  month.  The  paroxysm  often  begins 

without  any  apparent  exciting  cause,  but  at  other  times  the 

attack  is  induced  by  bodily  exertion,  emotional  disturbance,  the 

act  of  coition,  gastric  disturbances,  or  variations  of  temperature. 

§  54.  Cutaneoua  Paralgesia. 

(1)  Pmrilus. — Cutaneous  pruritus  is  a  sensation  which  is  evi- 
dently caused  by  the  action  of  an  abnormal  irritation  of  the  nerve 
ends  of  the  papillje  of  the  skin,  or  by  a  state  of  undue  irritability 
of  these  nerve  terminations  themselves.  Pruritus  is  related  to 
such  sensations  as  tickling,  and  to  burning  and  stinging  pains, 
bat  in  the  former  there  is  an  irresistible  tendency  to  scratch 
the  affected  part.  Pruritus,  or  itching,  is  a  symptom  of  various 
ftkin  affections,  and  it  is  a  specially  prominent  feature  of 
•cabiea  and  other  parasitic  aifections.  Very  violent  pruritus 
may  also  be  present  in  affections  of  the  papilla)  in  the  absence 
of  all  cutaneous  eruption.  Obstinate  itching  is  also  a  trouble- 
come  symptom  of  diseases  in  which  certain  chemical  agents  are 

Uing  in  the  blood,  as  in  jaundice  and  diabetea 

(2)  Formication  is  usually  caused  by  an  abnormal  condition 
ot  of  the  peripheral  nerve  ends,  but  of  the  nerve  trunks  and 
entral  sensory  organs.     The  essential  condition  which  gives 
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rise  to  the  sensation  appears  to  be  some  anomaly  of  the  con* 
duction  apparatus,  which  causes  the  currents  to  pass  through 
the  centripetal  fibres,  not  simultaneously,  but  in  quick  succes- 
sion and  with  variable  intensity.   The  sensation  does  not  amount 
to  pain,  but  may  be  described  as  feelings  of  creeping,  pricking, 
or  a  sensation  which  has  been  compared  to  the  crawling  of  antL 
Formication  occurs  as  a  transitory  symptom  in  minor  mecha* 
nical  injuries  of  nerve  trunks,  such  as  occurs  in  the  region  of 
distribution  of  the  ulnar  nerve  to  the  fingers  in  contusions  of 
the  elbow.     It  occurs  in  the  foot  as  a  sensation  of  "  pins  and 
needles,"  or  "  sleepy  sensation,"  when  the  sciatic  nerve  is  com- 
pressed for  some  time.       Compression  of  the  brachial  plexus 
also  causes  similar  sensations  in  the  upper  extremity. 

Formication  is  also  met  with  in  diseases  of  the  spinal  cord,  u 
tabes  dorsalis,  and  in  cerebral  affections,  as  hysteria  and  hypo- 
chondriasis. It  may  also  be  produced  by  poisons  circulating  in 
the  blood,  as  morphia,  veratine,  ergotine,  and  probably  also  the 
poison  of  gout. 

§  55.  Neuralgia. 

Neuralgia  conaists  of  periodic  attacks  of  severe  pain,  occur- 
ring suddenly  and  spontaneously  in  the  course  of  one  of  the 
larger  nerve  trunks,  and  ramifying  in  all  or  a  few  only  of  »t*^ 
terminal  branches.  ■ 

(1)  General  Symptoma. — The  various  forms  of  neuralgia  are 
preceded  generally  by  premonitory  symptoms,  which  are  more  or 
less  strongly  marked.  Slight  twitching,  formication,  pricking 
sensations,  or  even  pain  is  felt  in  the  nerve-region  about  to  be 
affected,  and  sometimes  there  is  a  feeling  of  general  indisposi- 
tion. The  condition  of  the  patient  at  the  time  of  the  first 
attack  is  always,  as  Dr.  Anstie  has  pointed  out,  one  of  debility, 
either  general  or  special.  Patients  are  frequently  attacked  for 
the  first  time  after  an  exhausting  illness  or  fatigue,  or  when 
they  are  in  an  anxious  condition  from  some  cause  or  another.    H 

There  is  always  a  degree  of  suddenness   in  the   onset  of^ 
neuralgia.     Usually  the  first  warning  is  a  sudden,  not  very 
severe,  and  transient  dart  of  pain.     The  patient  has  probably 
been  suffering  from  some  degree  of  general  fatigue  and  malaise, 
and  the  skin  of  the  afiected  part  has  been  somewhat  nv 
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rheD  a  sudden  stitch  of  pain  darts  into  the  nerve.  It  ceases 
^mediately,  bixt  in  a  few  seconds  or  minutes  returns,  and  then 
of  pain  recur  more  and  more  frequently,  until  at  last 
they  blend  together,  so  that  the  patient  sufifera  continuous  and 
violent  pain  for  a  minute  or  so,  then  experiences  a  short  inter- 
liseion ;  but  the  pain  returns  again,  and  so  on.  These  inter- 
aittent  spasms  of  pain  go  on  recurring  for  one  or  several  hours, 
beo  the  intermissions  become  longer,  the  pains  abate,  and  at  last 
[  the  attack  wears  itself  out.  The  intensity  of  the  pain  during  the 
paroxysm  may  vary  from  moment  to  moment,  and  it  may  become 
to  intense  that  the  patient  is  almost  driven  to  desperation. 

Th«  pain  is  described  as  tingling,  tearing,  boring,  stabbing, 
dngging,  burning,  or  lightning-like,  and  it  may  be  felt  as  if  it 
were  oo  the  surface  or  deep  in  the  bones.  In  some  cases  the 
pain  shoots  from  the  centro  to  the  periphery,  forming  descend- 
ing neuralgia;  while  at  other  times  it  takes  the  reverse  course, 
ibnning  ascending  neuralgia.  The  locality  of  the  pain  varies : 
•ometimes  it  is  in  a  fixed  spot,  while  at  other  times  it  changes 
About ;  and  it  is  often  directly  referred  to  a  nerve-trunk  which 
ia  painful  throughout  its  whole  course.  The  pain  of  neuralgia 
ia  usually  increased  by  movement,  so  that  the  patient  keeps 
the  affected  part  as  much  as  possible  at  rest,  although  occa- 
nooally  it  is  relieved  by  movement  of  the  part.  Superficial 
irritation  of  the  skin  frequently  produces  an  attack  of  pain,  but 
ooQtinuous  firm  pressure  on  the  part  relieves  the  pain. 

(2)  Painful  Points. — These  points  were  first  described  by 
Yalleix.  under  the  name  of  "jjointa  douloureux."  An  examina- 
tioa  of  the  part  during  an  attack  of  superficial  neuralgia  will 
itTcal  one  or  more  points  which  are  extremely  sensitive  to  the 
fttmxan  of  the  tip  of  the  finger.  The  sensitiveness  of  these 
potntA  stands  almost  in  a  direct  relation  with  the  severity  of 
the  jmioxjsm,  but  occasionally  they  may  be  present  during  the 
period  of  remission ;  in  some  instances  pressure  on  them  pro- 
daoes  an  attack.  These  tender  spots  are  found  at  various 
poiuto  in  the  course  of  the  affected  nerves,  where  their  trunks 
pwH  from  a  deeper  to  a  more  superficial  level,  and  especially 
where  they  emerge,  from  body  canals  or  pierce  fibrous  fasciw, 
or  even  when  the  nerves  lie  on  a  hard  bed,  so  that  they  may 
be  easily  compressed. 
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(3)  Points  Apophyaaire — ^Trousseau  insists  that  in  all  fornu 
of  neuralgia  the  spinous  processes  of  the  vettebne  corresponding 
to  the  origin  of  the  painful  nerve,  and  which  he  calls  "poinU 
apophyaaire"  are  painful  on  pressure ;  but  these  points  are  also 
present  in  cases  of  "  spinal  irritation  "  and  in  myalgia.  Anstie 
found  that  the  painful  points  were  absent  in  the  early  stage  of 
neuralgia,  and  only  made  their  appearance  at  a  subsequent! 
stage  and  at  the  situation  which  bad  been  the  focus  of  the] 
neuralgic  pain. 

(4)  Concomitant  Sensory  Symptoms. — During  the  height 
the  neuralgic  paroxysm  there  is  frequently  an  irradiation  0| 
the  pain  to  other  sensory  nerves,  generally  to  branches  of  the 
same  trunk  or  to  neighbouring  nerves,  but  occasionally  to  more 
or  less  distant  nerves.  When,  for  instance,  one  branch  of  the 
fifth  is  primarily  affected,  the  pain  spreads  to  the  two  others ; 
next  in  frequency  from  one  nerve  as  the  sciatic  to  the  corre- 
sponding one  on  the  opposite  side;  and  lastly  to  quite  different 
nerve  territories,  as  from  one  of  the  intercostal  nerves  to  the 
fifth.  These  radiated  pains  are  not  usually  so  intense  as  thi 
original  one ;  the  duration  of  the  attack  is  not  so  long ;  they 
begin  to  be  felt  when  the  paroxysm  has  reached  its  height,  and 
d  isappear  before  it  has  completely  subsided.  Various  subjective 
sensations,  as  formication,  creeping,  and  numbness,  are  felt  in 
the  region  to  which  the  affected  nerve  is  distributed  during  thft 
remission  ;  but  during  the  paroxysm  their  presence  is  obscu; 
by  the  severity  of  the  pain.  More  marked  disturbances  of  sen' 
sibility,  as  hyperajsthesia  or  anajsthesia,  are  also  firequently 
met  with  in  the  affected  region  (Tiirck,  Trousseau,  Traubi 
and  Anstie).  Nothnagel  has  recently  found  that  in  neuralj 
of  the  nerves  of  the  extremities,  without  any  demonstrable  ai 
tomical  lesions,  an  alteration  of  the  tactile  sensibility  of  the  skin 
is  invariably  present.  As  a  rule,  in  recent  neuralgia  having  a 
duration  of  from  two  to  eight  weeks,  there  is  hyperalgesia  of 
the  skin,  and  in  neuralgia  of  long  standing  anwstliesia.  These 
symptoms  are  usually  limited  to  the  region  of  distribution  of 
the  affected  nerve ;  but  in  some  cases  of  limited  neuralgia  the 
disturbances  of  sensibility  affect  the  whole  of  that  side  of  the 
body. 

(5)  Various  viotor,vaso-moior,  secretory,  trophic,  and psychii 
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ptoms  are  associated  with  neuralgia,  but  our  main  object 
tsent  is  to  describe  the  elementary  symptoms  separately ; 
hence  the  description  of  the  remaining  concomitant  symptoms 
neuralgia  may  be  deferred  at  present 


I.)— SKNSOKY  AFFECTIONS  OF  THE  VOLUNTAKY  ^fCTSCLES 
(MUSCULAR  ^STHESIO NEUROSES). 

§  56.  Muaculav  Sensibility  and  Muscular  Sense. — There 
be  DO  doubt  that  certain  sensations  arise  during  muscular 
etivitj,  which  appear  to  be  quite  independent  of  the  cutaneou.s 
sibility.  These  sensations  are  of  two  kinds  :  the  first,  called 
\u»cular  sensibility,  corresponds  with  the  common  cutaneous 
■enaatioD,  and  consists  of  the  pleasurable  and  painful  feelings 
oonnected  with  muscular  exercise;  and  the  second,  called 
fn%ucui<tr  sense,  corresponds  with  the  cutaneous  tactile  sensi- 
1  lity,  and  consists  of  those  sensations  by  which  the  mind  is 
enabled  to  discriminate  differences  in  the  degree  of  contraction 
of  the  muscles ;  the  former  being  an  emotional  and  the  latter 
an  intellectual  sensation. 

(I)  Test*  /or  Jiutcular  SetuibUity. — The  state  of  muscular  sensibility 
H  beat  tested  by  means  of  faraduation.  When  a  healthy  muscle  is  made 
to  act  adoU  feeling  accom{>aiiiea  the  contraction,  which  is  entirely  absent  if 
tfaa  mnwiilar  aeosibility  ia  abolished.  There  is  also  absence  of  seusitive- 
DMi  wben  heavy  pressure  is  made  upon  the  muscles.  This  form  of 
IBT'^T*^  a&nathesia  rauy  occur  with  or  without  cutaneous  anssstheaia, 
bat  it  ia  usually  accompanied  by  muscular  paralysis.  The  sense  of 
l»ntf*iW  effort  may  remain  intact. 

P)  Tetti  far  Muscular  Seiiae. — To  teat  the  muscular  sense  the  patient 
ifcocM  be  made  to  lift  various  weights  and  to  form  an  estimate  of  their 
dttcaooea.  In  order  to  eUminate  the  cutaneous  sense  of  presnure  the 
Mi^lta  ahoald  b«  placed  in  a  cloth  and  suspended  from  the  limb  to  be 
iiiT«a(jgat«d,  or  it  may  be  held  in  the  fingers,  so  that  it  is  supported 
by  friction  than  by  pressure.  The  sense  of  effort  may  alno  be 
,  by  the  dynamometer.  The  patient  may  aUo  be  made  to  move  the 
Bab  into  certain  prescribed  (Kisitions  with  closed  eyes,  or  he  may  be 
arfead,  the  eyes  being  still  kept  closed,  to  touch  a  particular  part  of  the 
bsdy,  aocb  as  the  tip  of  the  nose  or  the  lobule  of  an  ear,  with  the  fortlinger 
«f  «ne  baud,  or  to  take  hold  of  a  ticking  watch  held  before  him  ;  or,  in  the 
CM*  of  tbe  legs,  to  describe  an  imaginary  circle  on  the  floor  with  the  big 
las ;  tod  all  tbeoe  actions  will  be  either  not  accomplished  or  imperfectly 
pHftwiJued,  according  as  the  muscular  sense  is  abolished  or  to  the  degree 
«f  ita  iapairment. 
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§  57.  Muscular  Hyperccdheaia  and  Hyperalgeam  are  often 
met  with  in  diseased  conditions.  The  excessive  feeling  of 
fatigue  and  prostration,  which  occurs  on  slight  exertion  in  tbe 
prodormal  stage  of  acute  diseases,  is  probably  due  to  excessire 
irritability  of  the  nerves  of  common  muscular  sensibility; 
hence  this  condition  may  be  regarded  as  one  of  muscular 
hyperalgesia.  The  feeling  of  unrest  and  desire  of  constant 
change  of  position,  which  has  been  calted  the  fidgets,  and 
which  is  80  troublesome  to  nervous  and  hysterical  patients,  is 
due  to  muscular  hypero'sthesia. 

It  is  not  improbable  that  muscular  hypersBsihesia  may  play  a  pail 
in  the  production  of  certain  spasmodic  diseases,  such  as  writers'  cnmp, 
and  in  choreic  conditions.  lu  spasmodic  wry  neck  and  other  spasmodic 
affections,  as  well  as  in  muscular  cramps,  the  h/pera»thetic  conditioa  of 
tbe  affected  muscles  is  oftea  very  great,  giving  rise  to  intense  pain. 
Painful  conditions  of  the  muscles  occur,  which  have  been  called  myalgia 
or  myodfuia.  It  is  very  probable  that  myalgia  is  sometimes  due  to 
morbid  irritative  changes  in  the  muscle  itseif ;  but  the  fact  that  the  paia 
occurs  in  individual  muscles,  and  with  paroxysmal  exacerbations  idde  by 
side  with  cutaneooa  neuralgia,  such  as  sciatica,  or  along  with  general 
hysterical  symptoms,  shows  that  the  affection  is  at  times  of  nervous 
origin.  This  condition  ia  most  frequently  met  with  in  the  muaoles  of  the 
neck  and  of  tbe  lumbar  region  ;  and  inasmuch  as  it  closely  oorrespooda  to 
cutaneous  neuralgia,  and  to  the  neuralgia  of  joints  or  arthralgia,  it  might 
well  be  called  muscular  neuralgia  or  myoneuralffia. 


§  58.  Muscit,lar  Arutstheaia  is  by  no  means  an  uncommon 
affection.  The  common  sensibility,  as  tested  by  the  faradic 
current,  or  the  electro-muscular  sensibility,  may  be  diminished 
or  abolished,  while  the  electro-muscular  contractility  and  the 
electro-cutaneous  sensibility  remain  intact. 

Duchenne  drew  attention  to  the  fact  that  electro-muscular  contractility 
may  be  unaffected  ;  while  both  electro-muscular  sensibility  and  volimtaiy 
power  are  abolished.  This  occurs  more  especially  in  hysterical  paraly«i& 
Id  other  coses  of  hysteria  voluntary  power  is  maintained,  while  electro- 
muscular  sensibility  is  abolished.  Loss  of  muscular  sensibility  may  occur 
while  the  muscular  sense  is  retained,  and  the  former  conditioa  may  be 
conveniently  termed  muteular  atudffia. 

Aniestlieaia  of  the  muscular  sense,  or  of  the  sense  of  mus- 
cular effort,  is  characterised  by  the  diminution  or  loss  of  tbe 
capacity  of  recognising  small  weights,  or  of  perceiving  differ- 
ences of  weight  by  muscular  contraction.     If  the  muscles  are 
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'completely  paralysed,  no  test  of  the  muscular  sense  can  be 
applied.  The  loss  of  the  muscular  sense  is  frequently  associated 
with  absence  of  the  feeling  of  equilibrium  of  the  body,  in- 
ability to  determine  when  the  eyes  are  closed  the  position  of 
the  limbs,  or  the  extent  of  any  movement  that  may  be  per- 
formed.   It  is,  however,  not  easy  to  determine  how  far  these 
Kfunctional  disturbances  are  dependent  on  the  mere  loss  of  mus- 
Hjtular  sense;  since  other  sensory  impressions,  such  as  those  of 
Hlhe  skin,  bones,  and  joints,  participate  in  these  actions. 

an.)- SENSORY  AFFECTIONS   OF  THE   JOINTS   AND   BONES 
(ARTICULAK   AND   OSSEOUS   iESTHESIONEUROSES). 

The  existence  of  sensory  nerves  in  the  bones  and  joints  baa 

not  yet  been  determined  anatomically,  but  the  facts  of  patho- 

logj  leave  no  room  for  doubt  that  such  nerves  must  exist    The 

feasibility  of  the  bones  and  joints  is  apparently  only  very  slight 

■    in  the  normal  condition,  but  they  may  become  exquisitely  sen- 

^ktive  under  pathological  conditions.     It  is  probable  that  the 

^Tnormal  sensibility  of  the  bones  and  joints  play  an  important 

W  p^rt  in  enabling  us  to  determine  with  closed  eyes  position  in 

■pace  and  the  position  of  our  limbs  after  passive  movements. 


§  59.  Osteoneuralgia — Arthroneu,raIgia. — Excessive  or  ab- 

ormal  sensations  occur  in  the  bones  and  joints,  usually  in  the 

form  of  pain,  and  when  the  pain  is  not  caused  by  recognisable 

Anatomical  changes  in  those  parts,  the  condition  is  regarded  as 

euralgia  of  the  bones  and  joints,  which  may  respectively  be 

led  o«teoneuralgia  and  arthroneuralgia. 

KeoralgiA  of  the  bones  and  jointa  difiera  from  cutaneous  neuralgia  in 
not  fBdiating  along  the  course  of  the  principal  braucLes  of  the  affected 
L  Neuralgia  in  the  region  of  distribution  of  the  nerve-trunk,  such 
W  tb«  aciatic,  is  not  usually  associated  with  neuralgia  of  the  bones  and 
jQiata ;  while  conversely,  the  latter  kind  of  neuralgia  is  not  usually  asso- 
ciated with  neuralgia  iu  the  region  of  distribution  of  the  neighbouring 
cutaneoua  nerves.  It  is  evident,  therefore,  that  sensory  nerves  of  the 
jainU  and  bones  do  not  belong  to  the  system  of  afferent  Qbrea  of  the 
mixad  nerves,  and  it  is  probable  that  they  reach  the  bones  along  with  the 
■yinpAtbetic  plexus  which  aurrouud.s  the  vessels.  The  fact  that  neuralgia 
ef  tba  joints  is  frequently  associated  with  local  disturbances  of  the  circu- 
latioo,  such  as  redness,  heat,  and  ledema,  also  appears  to  favour  this  aup- 
pnition.    But  certain  cutaneous  neuralgias,  such  ais  the  lightning  and 
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burning  pains  of  locomotor  ataxia,  are  often  asMOciated  with  neuralgic  pain* 
in  the  bones  and  joints,  but  ia  all  such  cases  the  irritation  which  is  the 
source  of  the  neuralgic  pains  in  situated  in  the  posterior  root  of  the  nervM, 
and  in  their  coutinuatiou  through  the  posterior  columns  to  reach  tb« 
])osterior  horns  of  grey  matter. 

§  60.  Qeneiul  Symptoins  of  Avthroneiiralgia. — The  essen- 
tial symptom  of  articular  neuralgia  is  intense  pain.  The 
pain  occurs  in  the  joint  and  surrounding  dense  structures  i& 
paroxysms  which  come  on  spontaneously,  and  which  are  sepa- 
rated by  intervals  of  complete  or  comparative  freedom  from 
pain.  The  quality  of  the  pain  offers  little  which  is  charac- 
teristic. At  times  it  is  described  as  tearing  or  shooting  through 
the  joint  like  lightning ;  at  other  times  as  boring  or  stabbing 
pain.  Various  other  abnormal  sensations  may  be  felt  besides 
the  pain,  such  as  a  sensation  of  heat  or  of  cold,  numbness,  aud 
formication.  The  attack  of  arthralgia  is  frequently  ushered  in 
by  premonitory  symptoms,  consisting  of  abnormal  sensations 
in  the  skin.  Pressure,  as  a  rule,  increases  the  pain ;  but,  u 
occurs  in  cutaneous  neuralgia,  slight  and  superficial  pressure 
may  produce  intense  pain ;  while  deep,  continuous,  and  uni- 
form  compression  produces  no  effect,  or  even  relieves  the  pain.  I 
The  pain  is  also  much  increased  when  the  attention  of  the  " 
patient  is  directed  to  it ;  and  on  the  other  hand  it  is  diminished 
under  the  influence  of  general  fatigue,  and  does  not  prevent 
the  patient  from  sleeping.  Painful  points  may  be  obtained 
about  the  affected  joint  on  pressure,  which  Esmarch  and  Berger 
have  endeavoured  to  deterraioe  for  individual  joints.  These 
probably  correspond  to  the  points  where  small  branches  of  sensory 
nerves  pass  to  the  capsule  of  the  joint  along  with  the  vessels. 
Cutaneous  hypera^sthesia  is  very  generally  present  in  the  early 
stages  of  the  affection  in  the  neighbourhood  of  the  affected 
joint ;  while  a  diminution  of  the  sensibility  of  the  correspond- 
ing portion  of  the  skin  may  be  present  in  cases  of  long 
standing.  Besides  the  local  periarticular  pressure  points,  other 
tender  spots  not  unfrequently  occur  in  the  course  of  the 
affection  as  over  neighbouriug  nerve  trunks,  or  over  the  spines 
of  the  corresponding  vertebra3. 

In  many  cases  the  sensory  disturbances  are  associated  with 
motor,  vaso-motor,  and  trophic  affections.     The  motor  diatur 
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I  tuuBces  consist  of  weakness  and  lielplesaness  in  the  use  of  the 
BTected  joint,  owing  to  the  fear  of  inducing  a  paroxysm  of 
pain ;  but  occasionally  spastic  contraction  of  the  muscles  sur- 
rounding the  joint  occurs,  which  is  increased  by  all  attempts 
I      to  move  the  joint,  but  completely  disappears  under  chloroform. 
^■Bometimea  a  creaking    or   crepitating   noise   is  beard   when 
Vthe  joint  is  moved,  the  cause   of  which   is  not  fully  ascer- 
H  tained.    When  a  definite  group  of  the  muscles  round  the  joint, 
I     sa   the   extensors,  become   contracted,  their  antagonists   may 
undergo  a  certain  amount  of  atrophy,  but  seldom  to  any  great 
L     extent 

I         The  vaso-motor  disturbances,  consisting  of  redness,   heat, 
f     and    increased   secretion   of    sweat,    sometimes   occur   in  the 
neighbourhood  of  the  affected  joint     These  phenomena  may 
appearand  disappear  very  rapidly  ;  and  may,  like  the  paroxysms 
of  pain,  assume  an  intermittent  character,  at  times  of  regular 
type,  the  symptoms,  for  instance,  recurring  every  evening.     A 
circumscribed  doughy  or  Huctuating  swelling  in  the  neighbour- 
hood of  the  affected  joint,  associated  with  redness  and  increased 
^■temperature,  is  sometimes  observed,  which  was  compared  by 
^vBrodie  to  an  unusually  large  urticaria  wheal. 

Swelling  of  the  joint  from  serous  effusion  within  the  capsule 

may  take  place,  and  it  is  apt  to  be  regarded  as  of  inflammatory 

■^origin,  while  effusion  of  the  tissues  surrounding  the  joint  as 

^■he    result   of    irritating    applications   tends  still   further   to 

^nsbKore  the  true  nature  of  the  affection. 

aV.>-SEN30RY    AFFECTIONS    OF    THE    INTERNAL    ORGANS 
IVISCEKAI,    .F-STHKSIONEUUOSES). 

Visceral  neuralgia  has  already  been  considered  generally, 
along  with  cutaneous  neuralgia,  but  various  other  forms  of  vis- 
ceral MDaoiy  disturbances  remain  to  be  considered.  These  forms 
are  viacer&l  byperassthesia,  paralgesia,  and  anaesthesia. 


§  61.  Visceral  Hyperalqeaia  and  Paralgesia. — The  vi.sceral 
hyperalgesia;  and  paralgesia^  depend  partly  upon  abnormal 
irritation  of  the  visceral  sensory  nerves,  or  upon  increased  irri- 
tability of  these  nerves.  These  sensations  belong  to  the  sphere 
of  common  sensations,  since  they  have  no  distinct  objective 
I 
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character ;  in  other  words,  they  are  related  to  the  feelings  and 
not  to  the  intellect.    The  most  usual  feelings  which  come  under 
this  category  are  titillation,  globus,  pyrosis,  bulimia,  polydipsia, 
abnormal   feeling  of  voluptuousness,  and  the  feeling  of  op-     j 
pression.  I 

(1)  Titillation  is  a  sensation  which  is  induced  by  abnortn*! 
irritation  or  undue  irritability  of  the  nerve  ends  of  certain 
regions  of  the  respiratory  mucous  membrane,  and  corresponds 
with  pruritus  of  the  external  skin.  And  as  the  latter  leads  to 
an  irresistible  tendency  to  scratching,  so  the  former  leads  to  the 
reflex  respiratory  movements  which  produce  coughing.  The 
sensory  branches  of  the  vagus,  and  especially  the  superior 
laryngeal  branch,  are  those  which  are  irritated  during  coughing. 

(2)  Globus  is  a  sensation  in  which  the  patient  complains  that 
a  ball  ascends  from  the  epigastric  region  to  the  throat     This 
sensation  is  either  one  of  the  symptoms  of  hysteria,  or  it  may 
constitute  an  epileptic  aura.     This  feeling  is  supposed  by  some     i 
to  depend  upon  spasm  of  the  oesophagus  and  pharynx,  and  ififl 
has  consequently  been  called  (Eaopltagiamua,   This  explanation    ' 
is,  however,  very  unsatisfactory. 

(3)  Pyrosis,  or  waterbrash,  is  a  painful  sensation  in  the 
epigastrium,  consisting  of  a  sense  of  burning,  generally 
attended  with  the  rising  of  a  quantity  of  clear  watery  fluid  into 
the  mouth,  which  may  be  tasteless  and  neutral,  or  sour  and 
acid  in  reaction.  An  attack  of  pyrosis  may  last  from  a  few 
minutes  to  many  hours,  with  alternating  remissions  and  exacer- 
bations. 

(4)  Bulimia  is  a  feeling  of  hunger,  which  is  abnormal  in 
its  period  of  occurrence  or  in  its  intensity,  and  which  is 
appeased  only  for  a  short  time  by  taking  food.  In  many  cases 
a  large  quantity  of  food  must  be  taken  before  the  feeling  of 
repletion  is  reached;  but  in  order  to  constitute  bulimia  it  is 
necessary  that  the  sensation  of  hunger  should  return  in  an  un- 
usually short  time  after  it  has  been  satisfied.  At  times  a  amall 
quantity  of  food  satisfies  the  feeling  of  hunger;  but  if  the 
latter  returns  after  an  interval  of  one  or  two  hours,  this  con- 
stitutes bulimia.  It  must  be  assumed  that  in  bulimia  the 
afferent  nerves,  irritation  of  which  constitutes  the  feeling  of 
hunger,  are  in  a  condition  of  abnormal  irritability.     It  may  be 
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lid  that  the  absolute  Lunger  minimum  is  in  such  cases  greatly 
diminished,  just  as  the  absolute  pain  minimum  is  in  cutaneous 
neuralgia,  fiulimia  is  frequently  of  central  origin,  and  often 
occurs  in  hysterical  and  neuropathic  subjects.  It  also  occurs 
in  epUeptoid  conditions,  in  diabetes,  and  during  convalesence 
from  exhausting  diseases,  and  is  a  frequent  symptom  of 
ioaanity. 

(5)  Polydipsia  is  an  excessive  feeling  of  thirst,  and,  like 
buliooia,  it  must  be  regarded  as  a  hyperalgesia.  It  ia  generally 
believed  to  be  due  to  increased  irritability  of  the  sensory 
bniacbcs  of  the  vagus;  but  this  is  very  doubtful,  since  the 
woaory  branches  of  the  mucous  membrane  of  the  mouth  and 
throat,  including  branches  of  the  titih  and  glosso-pharyngeal 
nerves,  participate  in  the  sensation  of  thirst  Polydipsia  is  a 
omstant  symptom  of  polyuria  and  diabetes;  and,  like  l>ulimia,  it 
oomeson  after  exhausting  diseases,  and  as  a  symptom  of  hysteria. 

(6)  Excessive  Voluptuous  Feeling  was  ascnbed  by  Romberg 
Mkd  others  to  neuralgia  of  the  spermatic  plexus.  V^oluptuous 
aeosations  are  specially  frequent  in  the  female  sex,  but  they 
are  by  no  means  relatively  more  frequent  in  the  hysterical.  In 
the  narrated  cases  in  which  excessive  voluptuous  feeliugs  were 
obaerred   in   hysterical   subjects    these   were   associated   with 

^^^■mive  reflex  and  psychical  phenomena,  with  quickening  of 
^HiVrespiration  and  puls^,  great  emotional  disturbance,  and  even 
H^km  of  ooQsciousness  and  general  coavulsions.  In  women  who 
~  are  not  hysterical  excessive  voluptuous  feelings  are  found 
■Mociated  with  symptoms  of  nymphomania,  or  they  appear  as 
precursors  of  an  epileptic  attack.  In  a  large  number  of  cases 
local  irritation  of  the  external  genitals  is  the  cause ;  while  in 
other  cases  the  abnormal  sensations  appear  to  depend  upon 
chaogea  in  the  afferent  conducting  apparatus  of  the  genital 
ofgaos  in  its  course  through  the  spinal  cord  or  brain.  It  ia 
Tery  difficult  to  classify  the  cases  which  have  been  adduced 
as  examples  of  increased  voluptuous  feelings  in  men.  In 
many  cases  this  symptom  is  associated  with  frequent  but 
iDOomplete  erections,  premature  ejaculation  of  semen,  and 
more  or  less  complete  impotency.  Local  irritation  of  the  genital 
apparatus  is  usually  the  cause  of  these  abnormal  sensations,  but 
at  times  the  cause  may  be  spinal,  as  in  tabes  dorsal  is. 
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(7)  Feeling  of  Oppression,  when  general,  arises  probably 
from  over  work  or  deficient  nourishment  of  the  nervous  system. 
It  is  described  by  the  patient  as  a  feeling  of  heaviness,  dulness, 
and  depression  of  spirits.  A  more  specific  form  of  oppression 
occurs  in  connection  with  cardiac  affections,  as  angina  pectoris. 
A  feeling  of  oppression  or  constriction  is  experienced  across 
the  chest  as  if  it  were  being  forcibly  compressed,  and  it  is 
attended  by  a  sense  of  suffocation.  The  patient  also  suffers 
from  an  intense  feeling  of  impending  danger  or  threatened 
deatL  Peripheral  irritation  of  either  the  cardiac,  solar,  or 
mesenteric  plexus  may  probably  give  rise  to  this  feeling  at 
times,  although  it  is  more  commonly  met  with  in  connection 
with  affections  in  the  region  of  distribution  of  the  cardiac  plexusi 
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§  G2.  Visceral  Analgesia. — Very  little  is  known  with  respect 
to  visceral  analgesia.  Tbe  normal  functions  of  the  viscera  are 
performed  without  much  sensibility;  although  visceral  sensations 
contribute  greatly  to  the  feeling  of  well-being  and  comfort.  I(  M 
is  probable,  therefore,  that  diminution  of  visceral  sensations  ™ 
contribute  in  an  equal  degree  to  our  genera!  feeling  of  bodily 
discomfort.  It  ia  difficult  to  apply  any  reliable  tests  lo 
determine  the  degree  of  visceral  sensibility.  The  degree  of 
reflex  irritability  of  the  sympathetic  has  been  proposed  as  a 
test  of  the  degree  of  its  sensory  irritability;  but  this  test  ia 
liable  to  two  manifest  objections.  In  the  first  place,  it  is 
questionable  whether  the  peristaltic  action  of  the  bowels  and 
similar  movements  are  really  of  a  reflex  nature,  and  are  not  due 
to  irritation  of  automatic  peripheral  ganglion-cells.  In  the 
second  place,  even  if  it  be  proved  that  the  movements  presided 
over  by  the  sympathetic  are  of  a  reflex  nature,  it  by  no  means 
follows  that  because  the  reflex  conduction  is  diminished  or 
abolished  that  the  conduction  through  the  afferent  sensory 
fibres  is  also  affected.  The  reflex  tonus  of  the  constrictor 
muscle  of  the  urethra  may  be  abolished,  giving  rise  to  incon- 
tinence of  urine  in  the  absence  of  any  affection  of  the  sensibility 
of  the  bladder,  although  it  is  by  means  of  the  afferent  nerves  of 
the  bladder  that  the  reflex  tonus  is  maintained.  On  the  other 
hand,  antesthesia  of  the  bladder  may  occur  without  the  reflex 
tonus  of  the  sphincter  of  tbe  urethra  being  diminished,  and  it 
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maj  even  be  increased  under  such  circumstances.  Similar 
relations  obtain  in  other  reflex  phenomena,  as  in  erection, 
and  the  secretion  and  ejaculation  of  semen. 

(1)  AncBitfiesui  of  Laryngeal  and  Bronchial  Brandies  of 
lAt  Vagus. — Anjestbesia  occurs  in  the  territory  of  the  laryngeal 
and  bronchial  branches  of  the  vagus  when  the  normal  amount 
of  irritation  does  not  give  rise  to  the  feeling  of  titillation  and 
to  the  reflex  movements  of  coughing.  This  condition  may 
anome  a  very  grave  significance  when  catarrhal  secretions 
cease  to  induce  cough,  and  consequently  accumulate  so  as  to 
cause  8ufif.>cation.  In  such  cases  the  anaesthesia  appears  to  be 
of  central  origin,  and  it  is  often  both  a  result  and  a  cause  of 
iDcreasiDg  poisoning  by  carbonic  acid.  In  some  cases  the  in- 
(piratioQ  is  abnormally  slow  without  any  subjective  feeling  of 
inspiratory  desire  being  excited.     Such  cases  are  probably  due 

a  certain  degree  of  aniesthesia  in  the  region  of  distribution 
of  the  vagus. 

(2)  Ance-sthesia  in  the  territory  of  tfte  gastric  brandies  of 
the  Vagiia  gives  rise  to  polyphagia,  a  condition  in  which  an  un- 
usual quantity  of  food  must  be  taken  before  the  feeling  of 
hanger  is  satisfied ;  or  in  which  the  feeling  of  repletion  is  never 
obtained,  however  much  food  is  taken.  The  experiments  of 
Legallois,  Brachet,  and  others  have  proved  that,  on  section  of 
tbe  ragi,  animaU  continue  to  eat  until  the  oesophagus  is  filled 
vith  food.  Pathological  observations  also  confirm  this  conclu- 
sioQ.  Swan  mentions  a  ca.se  where  the  patient  could  not  expe- 
rience the  feeling  of  repletion  after  eating  large  quantities  of 
food,  and  where  after  death  both  vagi  were  found  atrophied  and 
dtsoiganised.  This  condition  often  appears  in  affections  of 
eeotnl  origin,  as  hysteria,  epilepsy,  and  various  forms  of 
ioaaotty. 

(3)  Anaalhesia  of  the  Sexual  feelings  is  most  frequently 
obaerred  in  the  female  sex.  Diminution  of  these  feelings  is 
more  frequent  in  hysterical  females  than  excess  of  voluptuous 
■emations ;  and  this  is  not  unfrequently  associated  with  decided 
avenioD  to  coitus.  Complete  absence  of  voluptuous  feelings  is 
pirobably  due  to  anesthesia  of  the  mucous  membrane  of  the 
genitals ;  such  as  occurs  in  hysterical  females  in  association  with 
diffuse  or  circumscribed  cutaneous  aniesthesia.    Analogous  con- 


118      AVFECTTIONS  OF  IHDIVIDUAL  SENSOKT  MECHANISKS. 

ditioDB  are  observed  in  the  male  sex,  as  a  result  of  sexual  excesses 
and  onanism,  or  as  a  symptom  of  chronic  affections  of  the  spinal 
curd,  such  as  spinal  meningitis  and  tabes  dorsalis,  or  at  times 
in  the  absence  of  any  appreciable  cause.  In  these  cases  dimi- 
nution of  the  electric  sensibility  of  the  glans  penis  and  of  the 
external  genitals  may  be  detected.  The  power  of  erection  and 
the  secretion  of  semen  become  diminished  or  abolished  in 
consequence  of  the  diminution  of  the  reflex  irritability,  and 
these  conditions  have  respectively  been  designated  Impoteney 
and  Aapermatiam. 

(V.)-SENSORY  DISTVRBAIfCKS  OF  THE  SPECIAL  SENSES. 
The  consideration  of  this  subdivision  of  the  ifisthesioneoroses 
is  reserved  for  the  special  part  of  the  work. 
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CHAPTER    V. 


It— ELEMEKTARV    AFFECTIONS    OF    INDIVIDUAL    MOTOR 
MECHANISMS   (KINESIONEUKOSES). 


» 


(I.)-MOTOR   DI.STURBANCEa   OF   THE  STRIPED   MUSCLES 
(EXTERNAL   KINESIONEUR0SE3). 

The  striped  muscles  may  be  excited  to  coutractioa  either  by 
Tolantary,  reflex,  or  automatic  excitation.  Any  deviatious  from 
the  uormal  motor  reactions  obtained  by  the  application  of 
various  stimuli  constitute  disease ;  but  these  abnormal  lievia- 
tioiu  CAD,  as  a  rule,  only  be  relied  upon  as  evidence  of  disease 
when  they  are  elicited  in  response  to  a  methodical  examination. 
Our  first  object  must  therefore  be  to  give  a  succiuct  account  of 
the  various  methods  adopted  for  the  examination  of  the  pheno- 
mena presented  in  disease  of  the  nervous  mechanisms  which 
co-ordinate  the  movements  of  the  muscles  of  external  relation. 

§  63.  Methods  of  Examining  the  Motor  Apparaiua. 

I.  Otneral  Elamination. — Motor  disturbances  are  recoguisable  (Mirtly 
ill  oona*!quence  of  certain  positions  and  movements  being  too  strongly 
marlie'i,  »»  in  cramits,  and  ptirbty  by  feebleaesa  of  execution  or  inability 
to  perforiu  certain  movements,  as  in  paralysis,  and  the  consequent  defor- 
mities produced  in  the  general  symmetry  of  the  body.  An  exact  know- 
ladg«  of  the  anatomical  connections  and  functions  of  the  diSerent  muscles 
ia  neooasary  for  the  recognition  of  those  which  are  afTocted,  and  this  is 
■Mra  Mpecially  necessary  in  spasmodic  aflections.  In  spasm  of  deeply- 
■Mtod  muscles  which  act  in  association  with  others,  it  is  very  difficult  to 
discriminate  the  muscles  affdcted. .  A  complete  and  minute  examination  of 
the  whole  naked  body,  the  performance  of  active  and  passive  antagonistic 
muvements,  and  the  forcible  extension  of  the  abnormally  placed  parts  of 
the  bi}dy,  are  the  principal  means  of  investigation.  Valuable  information 
ia  afforded  by  local  faradiaatioa  of  the  mujtules  which  can  be  reached.    Au 
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artificial  spasm  can  hy  this  means  be  produced  in  the  corresponding 
muscles  of  a  healthy  individual,  and  the  deformity  produced  by  the  arti- 
ficial spasm  can  be  compared  with  that  produced  by  the  morbid  spasm. 
Accurate  conclusions  may  be  drawn  from  the  faradisation  of  antagonistic 
muscles  and  of  the  symmetrical  muscles  of  the  other  half  of  the  body. 

2.  Special  Examination.  — The  patient  must  also  be  directed  to  perform 
voluntary  movements,  such  as  standing,  walking,  or  writing,  as  well  is 
the  mimetic  movements  that  occur  in  speaking  and  laughing,  so  that  any 
deviation  from  the  normal  movements  may  be  carefully  observetL 

When  the  paralysis  is  incomplete  it  becomes  important  to  aacerUin 
the  degree  of  motor  impairment.  The  force  capable  of  being  exerted  by 
certain  groups  of  muscles  can  ba  measured  directly  by  means  of  the  various 
forms  of  dynamomeier ;  and  an  approximate  estimate  may  be  made  by 
comparative  testing  of  the  resistance  which  can  be  opposed  to  pasnve 
movements.  It  is  also  important  to  observe  whether  the  muscular  oou- 
traction  can  be  maintained  for  some  time  without  inducing  exhaustion. 

It  must  al^io  be  observed  whether  the  contractions  of  the  different 
muscles  are  harmoniously  combined,  so  as  to  produce  the  various  move- 
ments with  accuracy  and  precinioo,  or  whether  they  are  accompanied  by 
trembling  or  disturbing  secondary  movements.  With  this  view  the  patient 
must  be  asked  to  perform  special  movements,  such  as  those  concerned  in 
drawing  straight  lines  or  circles,  touching  particular  points  with  the 
fingers.  Valuable  information  is  also  afforded  from  the  observation  of 
various  complicated  movements,  such  as  those  of  running,  hopping, 
ascending  a  stair,  writing,  sewing,  and  knitting. 

The  performance  of  passive  movements  enables  us  to  judge  whether 
the  muscles  are  completely  relaxed,  tense,  or  contracted  ;  or  whether  they 
are  readily  thrown  into  a  state  of  convulsive  tremor. 

3.  Cutaneout  an/l  Tendiiwiu  lie/lex  Slimuli. — The  condition  of  the 
reflex  movements  of  the  skin,  accessible  mucous  membranes,  and  organs 
of  special  sense,  must  be  tested  by  tickling,  pricking,  pinching,  faradic 
excitation,  and  by  the  special  excitants  of  the  special  sen.ies. 

Rdflex  actions  are  also  induced  under  certain  conditions  by  tapping 
tendons,  the  periosteum,  fascim,  and  probably  the  joints.  The  exteason 
of  the  leg  on  the  thigh  may  be  thrown  into  contraction  by  a  smart  tap  on 
the  t  jndon  of  th:)  patella  ;  and  this  state  is  enormously  increased  in  some 
diseases,  while  in  others  it  is  abolished. 

4.  Jfeeltaiwuil  Cuntr icMitif . — Mechanical  stimuli  are  also  useful  in 
testing  the  condition  of  the  muscles.  VVhen  a  muscle  is  removed  from 
the  body  the  irritability  gradually  dimiuiihes,  and  after  a  time  disappeare 
altogether.  But  if  a  sharp  blow  be  struck  acn:>3s  a  muscle  which  has 
eutered  into  the  later  stages  of  eihauHion,  a  wheal  lasting  for  several 
seconds  is  developed.  From  this  wheal  small  waves  of  contraction  run  in 
both  directions  towards  the  extremities  of  the  muscles,  and  this  form  of 
muscular  action  has  been  called  "  idio- muscular"  contraction,  because  it 
may  be  brought  out  when  ordinary  stimuU  have  ceased  to  produce  tay 
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A  moderutely  strong  blow  over  almost  any  muscle  of  tbe  body, 

ler  Dortnnl  conditions,  induces  a  contraction  of  the  fasciculus  struck, 

ially  if  the  blow  f.ill  near  the  point  of  entrance  of  the  motor  nerves. 

contractions  occur  with  greater  readiuess  in  the  pectoralis  major, 

(>lio!J,  and  the  extensor  muscles  of  the  forearm,  than  in  the  other  muscles 

of  tbe  body  ;  and  in  exhausting  diseases,  such  as  phthisis,  the  slightest 

Mp  over  the  pectoral  muscles  causes  a  circumscribed  tumour  due  to  local 

eootimetion  of  tbe  subjacent  muscle. 


AKINESI3  OF  THE  MUSCLES  OF  EXTERNAL  RELATION 
§  64.  The  most  prominent  symptom  of  motor  paralysis  is  the 
ioability  to  coutract  certain  muscles  by  voluntary  eftort.  The 
pualysed  limbs  bang  motionless,  or  they  are  weak  and  helpless 
if  the  paralysis  is  incomplete.  The  utmost  variety  may  occur 
ia  the  distribution  and  extent  of  the  paralysis.  It  is  sometimes 
limited  to  &  single  muscle,  or  group  of  muscles  ;  at  other  times 
all  the  muscles  supplied  by  a  particvilar  nerve  or  plexus  of 
nerves  may  be  implicated ;  while  in  other  instances  all  the 
muscles  of  one  extremity  may  be  paralysed.  In  other  cases  the 
paralysis  affects  both  halves  of  the  body  symmetrically,  and 
then  it  generally  begins  in  the  lower  extremities  and  spreads 
to  the  trunk  and  upper  extremities.  This  is  the  usual  kind  of 
poratysi^i  from  disease  of  the  spinal  cord,  and  is  termed  patv,- 
pUffia.  In  other  cases  the  paralysis  affects  the  lateral  half  of  the 
bod  J,  implicating  the  face,  arm,  and  leg  of  the  same  side,  and 
it  is  tbuK  termed  heinipleijia.  ■  The  lesion  which  causes  this 
form  U  usually  situated  in  the  opposite  hemisphere  of  the  brain, 
ftlthougb  hemiplegia  of  spinal  origin  is  not  unknown. 

Tbe  condition  of  the  paralysed  muscles  varies  in  different 
fautaoces.  The  muscles  are  sometimes  completely  flaccid  and 
fdaxeii,  and  destitute  of  the  faintest  trace  of  tone  or  contrac* 
ItUUj ;  in  other  cases  they  are  more  or  less  tense  and  contracted ; 
iB  in  still  others  they  are  at  first  relaxed  and  become  sub- 
lently  contracted.  If  the  condition  be  one  of  incomplete 
poralyais  or  paresis,  the  movements  which  can  still  be  performed 
are  not  unfrequently  accompanied  by  trembling  and  uncertainty 
of  execution.  Loss  of  voluntary  power  does  not  neces.sarily  entail 
kas  of  reflex  contractility.  In  cerebral  paralysis,  and  in  paralysis 
dae  to  disease  of  the  antero-lateral  columns  of  the  cord,  the 
reflex  contractility  is  wholly  unaffected,  and  in  some  cases  it  ia 
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even  increased.      Complete  absence  of  all  reflex  movements 
only  occurs  when  there  is  interruption  in  the  conduction  in  the 
peripheric  motor  nerves,  or  in  the  spinal  cord  itself,  or  when  the 
muscles  are  destroyed.      The  automatic   movements  are  also 
unaffected  ia  cerebral  paralysis.     The  automatic  movements  of  j 
respiration  are  more  liable  to  be  affected  in  spinal  disease.  TLej 
automatic  movements  of  the  iris  may  be  implicated  either  ia* 
disease  of  the  upper  portion  of  the  spinal  cord — the  region 
termed  the  cilio-spina!  centre — or  where  a  cerebral  lesion  injures 
the  nucleus  of  origin  of  the  third  pair  of  nerves.     Paralysis  from , 
lesion  of  the  cilio-spinal   centre   induces  contraction  of  thu 
pupil,  or  tnyonis,  and   that   from    lesion  of   the   third  nervu 
dilatation  or  mydriasis. 

The  functions  of  the  rectum  and  bladder  may  be  interfered'^ 
with  in  various  forms  of  paralysis,  but  they  are  more  specially 
liable  to  be  implicated  in  diseases  of  the  spinal  cord. 
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§  65.  Associated  Symptomi.  —  When  the  paralysis  is  of 
centric  origin  certain  asioci'iled  movements  may  be  preserved 
in  the  paralysed  parts,  but  these  will  be  described  under  the 
name  of  synkinesis. 

Sensory  disturbances    are   very   frequent  concomitants   of 
every  form  of  paralysis.     When  a  mixed  nerve  is  affected  the 
sensory  paralysis   is  generally  equal  in  extent  to  the  motor 
paralysis.      The   motor   paralysis   is,   however,   usually   more 
marked  in  degree  than  the  sensory  paralysis,  and  recovery  of 
sensation  is  generally  more  speedy  aud  certain  than  of  motor     , 
power.    Violent  neuralgic  pains,  hypera^sthesiae,  and  parsesthesiffifl 
are  frequently  associated  with  all  forms  of  motor  paralysis,  ™ 
except  that  which  arises  from  lesion  of  a  purely  motor  nerve. 

The  vasu-motor  and  trophic  symptoms,  which  are  so  often 
associated  with  paralysis,  will  be  subsequently  described.  mk 

§  66.  Electrical  Stimuli  are  also  very  valuable  for  testing 
the  reflex  irritability,  but  they  are  still  more  important,  if  pos- 
sible, when  directly  applied  to  the  investigation  of  the  motor 
apparatus.  Two  kinds  of  electric  currents  are  usually  employed 
for  the  purposes  of  electrical  research — the  faradic,  induc3d,  or 
interrupted  current,  and  the  galvanic,  constant,  or  continuous 
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rent.  Faradic  currents  consist  of  a  series  of  isolated  cur- 
rents, each  of  momentary  duration,  and  of  very  rapid  develop- 
ment and  decline,  following  each  other  iu  quick  succeasion  and 
flowing  alternately  in  opposite  directions.  Galvanic  currents 
nin  iu  the  same  direction  and  with  the  same  intensity,  and  are 
coDtinuously  produced.  By  means  of  the  commutator,  how- 
ever, the  current  can  be  interrupted  at  pleasure,  and  thus  closing 
anii  opening  muscular  contractions  may  be  induced.  The  cur- 
rent may  also  be  rapidly  reversed  by  means  of  the  commutator, 
method  which  induces  a  very  powerful  contraction. 

■1.  Faradie  Excitabiliti/  or  frritabiliti/  is  the  term  used  to  designate 
od  and  streDgth  of  the  reactions  exhibited  by  mu.'^cles  under  the 
I  of  the  faradic  current.  Muscular  contraction  may  be  induced 
ct  application  of  the  faradic  currents  to  the  muscles  themselves, 
or  indirKtli/  through  excitation  of  the  motor  nerves.  For  the  purpose  uf 
testing  the  faradic  excitability  the  current  obtained  from  the  secondary 
onti  of  the  ordinary  induction  apparatus  called  the  "  seooudary  induceil 
current"  is  generally  ased,  although  the  current  from  the  primary  coil, 
callixl  the  "  primary  induced,  or  extra  curreut,"  may  also  be  employed. 

The  cathode  of  the  secondary  induced  curreut  is  usually  employed  as 
lh«  exciting  pole,  while  the  anode  may  ba  placed  u]x>n  some  indifferent 
put  of  the  body,  as  the  sternum,  or  patella.  Excitation  of  the  muscles 
through  the  accessible  motor  nerves  with  a  feeble  faradic  curreut  induces 
a  minimum  contraction  ;  whilst  on  the  strength  of  the  current  being 
iacneaaetl,  strong  tetanic  contractions  ensue.  In  comparing  the  results 
obtained  in  different  parts  of  the  body,  it  is  of  importance  to  remember 
\h*t  in  health  the  muscles  supplied  by  the  symmetriciil  uerves  of  the  two 
■idea  of  the  body  can  be  excited  to  minimum  contraction  by  the  same 
•treugth  of  current,  and  that  those  auppUed  by  various  superficial  nerves, 
racb  as  the  frontal  branch  of  the  facial,  the  spinal  accessory,  ulnar,  and 
peroneal  nerves,  can  also  be  excited  to  minimum  contraction  by  currents 
of  the  aome  intensity.  Any  considerable  deviation  from  these  conditions 
amat  be  regarded  as  pathological. 

Direct  excitation  of  accessible  muscles  is  best  performed  when  the 
polaa  are  applied  over  the  [loints  at  which  the  motor  uerves  enter  the 
BMMcIeo,  and  these  may  be  ascertained  by  reference  to  the  diagrams 
raproduced  from  Ziemasen,  in  the  special  part  of  this  work. 

i.  Oatcanie  ExcitabiUty  is  a  term  used  to  express  the  reactions  ob- 
tlfilMd  in  response  to  opening  and  closing  the  circuit  and  to  the  continuous 
paaaige  of  the  galvanic  current.  Either  the  anode  or  the  cathode  may  be 
osed  OS  the  exciting  pole,  whilst  the  other  ia  applied  to  some  indifferent 
part  uf  the  body,  aa  the  sternum. 

The  law  of  contraction  of  both  motor  nerves  and  muscles  rests  upon 
tha  beta  that  the  cathode  produces  contraction  chiefly  ou  closure  of  the 
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current ;  the  anode  chiefly  oa  opening  the  current ;  and  that  the  sti- 
mulus of  the  cathode  is  stronger  th»n  that  of  the  anode.  The  reactions 
obtaineii  with  diSerent  strengths  of  current  may  he  deduced  from  these 
fuadaraental  facts. 

With  a  weak  current  the  cathode  produces  simple  contraction  on 
closure  of  the  current,  while  there  is  no  reaction  from  the  anode  ;  with  a 
current  of  medium  strength  the  cathode  produces  stronger  contraction 
on  closure  of  the  current,  but  no  opening  contraction ;  while  the  anode 
causes  feeble  contractions  both  when  the  current  is  closed  and  whea  it  is 
opened. 

With  a  strong  current  the  cathode  produces  on  closure  of  the  correat 
a  tetanic  tonic  contraction,  and  a  feeble  contraction  on  opening  the 
current ;  while  the  anode  produces  lively  contraction  both  on  opeuing  and 
closing  the  current. 

The  law  of  contraction  miy  be  expressed  by  the  following  formolse  : — 
Let  An=anode,  Ca=  cathode,  0  =  contraction,  c  =  feeble  contraotioa, 
C'-=  strong  contraction,  S=  closure  of  current,  0  =  opening  of  current, 
Te=tetanic  contraction  ;  then  — 

Weak  currents  produce  Ca  S  C . 

Medium    „  „       Ca  S  C,  An  S  o  ,  An  0  c. 

Strong       „  „       Ca  S  Te ,  An  S  U ,  An  O  C  ,  C»  O  0 . 

In  diseased  conditions  deviations  from  the  normal  law  of  contraction 
may  occur  by  way  of  excess  or  diminution  of  the  excitability  ;  or  by 
ch.inges  in  the  quality  of  the  various  reactions.  These  quantitative  and 
qiiatitative  changes  will  be  sabziequently  described.  j 


i 


§  67.  Electrical  Eximi nation  of  the  nerves  and  muscles  u 
necessary  in  making  a  precise  diagnosis  of  the  several  forms  of 
paralysis,  and  in  forecasting  the  progress  of  the  case  either 
towards  recovery  or  towards  an  irremediable  condition.  The 
results  obtained  miy  b3  subdivided  into  several  groups  : —         J 

1.  Thj  First  Group  comprises  those  cases  where  both  nerves  and" 
mu-icles  react  normally  to  f<iradio  aud  galvanic  currents.  The  electrical 
contractility  is  as  a.  rule  uuaSected  in  paralysis  of  cerebral  origin  and  in 
miny  forms  of  spinal  paralysis,  as  in  chronic  myelitis,  and  even  in 
several  kinds  of  peripheral  paralysis,  aa  in  slight  traumatic  paralysis  and 
in  that  of  rheumatic  origin. 

S.  ne  Secmvl  Oroup  includes  the  cases  in  which  there  are  simple 
qutnUiativti  changes  of  the  electrical  excitability,  manifested  either  bj 
increase  or  diminution  of  the  normal  reaction. 

{a)  Simple  increase  of  the  electrical  excitability  may  be  manifested  in 
several  ways.  If  the  faradic  current  be  applied  to  the  nerves  and  muscles 
there  is  an  increase  of  the  amount  of  contraction  with  the  same  strength 
of  current,  or  there  is  an  increase  of  the  distance  of  the  secondary  coil , 
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at  which  minimnm  contractious  are  produced.    If  the  galvanic  current  be 

employed,  a  cathodal  closing  powerful  contraction  (Ca  S  C'}  occurs  with 

liiwble  currents  ;  and  a  cathodal  clomng  tetanas  (Ca  S  Te)  is  induced  when 

he  strength  of  the  current  is  blightly  augmented  j  and  an  anodal  opening 

Straction  (An  O  C)  is  caused  liy  weak  currents.      A  cathodal  o^muing 

IWMitnMtioQ  vCa  U  C)  is  aIm  re«dily  established,  and  in  some  ca><ea  an 

al  oiiening  tetanus  CAn  O  Te;  may  be  induced. 

Simple  increase  of  electrical  excitability  occurs  to  a  moderate  extent 

in  cert;ilii  forms  of  cerebral  and  of  spinal  paralyses  ;  and  in  some  cases  of 

tabes  doraatis  ;  and  even  in  a  few  cases  of  peripheral  paralysis  it  occurs  an 

» trannent  symptom. 

(6)  Simple  diminution  of  electric  excitability  is  mainly  manifested  by 
tb«  reactions  to  the  various  currents  being  the  reverse  of  what  they  were 

>  ainipte  increase  of  the  excitability.    When  the  farodic  current  is  applied 

>  the  nerves  or  muscles  the  same  strength  of  stimulus  causes  a  weaker 
contraction  than  in  health,  or  there  is  a  diminution  of  the  distance  of  the 
■eoondary  coil  at  which  minimum  contractions  are  proiluced,  which  may 
in  aome  cases  proceed  to  complete  extinction  of  faradio  coutroctihty.  With 
(■Iranic  curreuts  cathodal  closing  tetanus  (Ca  S  Te)  first  disni>pears  and 
CMinot  be  induced  by  any  ordinary  strength  of  current  ;  anodal  closing 
•ltd  opening  contraction  (An  S  C  and  An  0  C)  then  di.sapiieor,  and  by 
•ad  by  cathodal  closing  contraction  (Ca  S  C}  can  only  be  obtained  with 
the  strongest  currents,  and  ultimately  there  is  complete  losi  of  galrunio 
excitability. 

Simple  diminution  of  the  galvanio  escitabvlity  is  rare  in  cerebral 
panlyais,  but  occun  in  the  later  stages  of  bulbar  paralysis  and  in  certain 
fatma  of  spinal  and  peripheral  paralyses.  It  may  indeed  be  laid  down  as 
•  ^eueral  rule  that  whenever  the  nervous  lesion  is  such  as  to  give  rise  to 
M^^Bla  atrophy  of  the  paralysed  muscles,  there  is  simple  diminution  or 
^^^|^et«  extinction  of  the  electric  excitability,  unaccompanied  by  any 
qualitative  changes  in  the  reactions  obtained. 

3.  The  Third  Oroup  cousista  of  what  Erb  has  proposed  to  call  the 
"ntactiuQ  of  degeneration,"  and  includes  both  qualitatiit  and  qxuintitative 
altentiona  of  electrical  excitability.  The  alterations  in  the  reactions  of 
tbe  nerves  and  muscles  do  not  run  a  parallel  course,  so  that  the  two  must 
he  eeparately  described. 

(a)  Reaction  of  the  Xervt*. — The  alteration  in  the  reaction  of  the  nerve 

;iDS  on  the  second  or  third  day  after  the  attack  of  paralysis.     A  cou- 

Dttoaa  uniform  diminution  of  both  the  faradic  and  galvanic  excitability 

)  obaervable  without  any  qualitative  change,  and  in  very  rare  cases  only 

it  preceded  by  alight  increase.     I'he  diminution   begins  in  the  part 

•t  the  lesion,  and  extends  rapidly  to  the  periphery.     At  the  end  of 

|th«  first,  or  in  the  course  o(  the  second  week  (from  tlie  seventh  to  the 

twelfth  day),  the  excitability  wholly  disappears.     In  incurable  cases  the 

loss  of  the  excitability  is  permanent  ;  but  if  repair  of  the  diseased  tissue 

place,  the  excitability,  after  being   lost  fur  a  variable  period,  is 
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gradually  restored.  The  reactions  to  both  currents  reappear  almost  simnl- 
tatieously,  beginning  first  in  the  central  segments  of  the  nerve  and  spreadiug 
slowly  to  the  periphery.  The  reactions  at  first  obtained  are  very  feeble, 
but  they  gradually  increase  in  strength  as  repair  proceeds,  although  re- 
maining a  long  time  below  the  normal  standard  even  after  the  restoratiou 
of  voluntary  power  appears  complete.  During  the  early  stages  of  regeae- 
ration  voluntary  movements  may  be  effected  through  the  paralysed  nerve* 
at  a  time  when  they  give  no  reaction  to  the  electrical  stimulus,  the  duratioo 
of  this  period  tteing  from  a  few  days  to  several  weeks.  Erb  has  found  ia 
experiments  on  animals,  and  iu  traumatic  paralysis  in  man,  that  in  those 
cates  where  voluntary  impulses  are  conducted  through  the  injured  nervM 
the  electric  stimulus  will  also  induce  contraction  if  it  be  applied  alwvs 
instead  of  below  the  point  of  injury. 

(6)  Reaction  of  Affected  Muscles. — The  electric  reactions  of  the  paralyaed 
muscles  are  much  more  complicated  than  those  of  the  degenerated  aerrsa, 
since  they  are  not  affected  in  the  same  manner  by  the  two  currents.  The 
reactions  obtained  by  the  faradic  are  8imi>ler  than  those  obtained  by  the 
galvanic  current,  since  the  former  are  almost  entirely  similar  to  those 
obtained  by  the  application  of  the  current  to  the  degenerated  nerves. 
Wheu  the  paralysed  lauscle^  are  exposed  to  the  faradic  current  a  dimiua- 
tiou  of  the  excitability  is  observed  toward'4  the  end  of  the  first  week,  aud 
usually  there  is  complete  extinction  towards  the  end  of  the  second  week. 
Wheu  the  electrodes  are  applied  to  the  surface  of  the  body,  although 
feeble  contractions  may  be  obtained  by  electrical  acupuncture,  they  are 
limited  to  the  fasciculi  directly  excited.  When  the  case  is  incurable  the 
faradic  contractility  becomes  permanently  abohshed  ;  but  when  there  is  a 
return  of  voluntary  power  the  faradic  contractility  of  the  muscle  reappeaiv, 
although  usually  somewhat  later  than  in  the  nerves.  As  recovery  pro- 
ceeds the  faradic  excitability  increases  gradually  aud  slowly,  aud  generally 
remains  for  a  long  time  abnormally  low,  especially  if  the  paralysis  haa  been 
of  long  duration. 

The  Oalvanic  Bxeitability  falls  iu  conformity  with  the  faradic  excita- 
bility during  the  first  week,  but  iu  the  course  of  the  second  week  the 
former  is  remarlcably  increased,  and  coatiuues  to  increase  during  the  fol- 
lowing few  weeks.  The  affected  muscles  now  react  to  currents  so  feeble 
in  intensity  as  to  be  entirely  inoperative  ou  healthy  muscle,  aud  there  ia 
a  remarkable  change  iu  the  quality  of  the  contraction  induced.  The  con- 
tractions induced  by  the  galvanic  current  iu  healthy  muscle  are  short  and 
lightning-like  ;  but  in  the  paralysed  muscles  they  are  slow  and  protraot«d, 
aud  even  those  induced  by  feeble  currents  readily  pass  into  a  muscular 
tonus,  which  coutiuues  the  whole  time  the  current  is  transmitted. 

Thi  £f-iw  of  MiiscutUtr  Contraction  also  bacomei  changed  along  with  the 
increase  of  the  excitability.  There  is  a  gradual  aud  strong  increase  of  thd 
anodal  closing  contraction,  so  that  it  soon  equals  or  exceeds  the  cathodal 
closing  contraction  (An  S  C  =  or  >  Ca  S  C).  The  cathodal  opening  con- 
traction on  the  other  hand  increases  in  a  relatively  greater  degree  than 
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ht  anodal  opening  contraction  ;  so  that  the  former  soon  equals  or  exceeds 

the  l&tter  (Ca  O  C  »  or  >  An  O  C)  ;  hence  here  is  complete  inversion  of 

the  norma]  formula  of  muscular  contraction.      When  the  alteration  has 

attained  a  high  degree  the  opening  contractions  disappear,  and  this  con- 

itiou  lasts,  though  with  some  variations  in  different  cases,  for  from  three 

eight  weeks,  or  sometimes  for  a  much  longer  period. 

The  iDoreaaed  galvanic  excitability  aow  diminishes,  and  stronger  and 

iger  currents  are  required  to  pnxluce  contraction  ;  and  in  incurable 

au  extremely  feeble  aoodal  closing  contraction  is  usually  the  last 

aiga  of  the  di4a()[>earing  muscular  irritability.     When,  on  the  other  hand, 

regeneration  and  recovery  t^ke  place,  the  normal  mode  of  reaction  is 

graiiiMlly  re-eitablished.     The  galvanic  excitability,  however,  remains  a 

long  time  below  its  normal  degree,  so  that  at  a  cert.iin  (leriod  during 

recorery  from  paralysis  the  muscles  may  {)resent  a  great  diminution  of 

galvanic  with  au  increased  furodic  excitability. 

The  rea-jon  of  the  different  reactions   to  the  faradic  and  galvanic 

eamattt  appears  to  be,  as  has  been  pointed  out  by  Nenrmau,  tbiit  the 

ysed  muscles  have  lost  the  power  of  responding  to  currents  of  very 

hart  duration  ;  and  since  the  faradic  current  is  made  up  of  successive 

ihocks  of  momentary  duration,  the  muscles  do  not  resiwnd  to  them. 

The  primary  Jimiuution  of  the  electric  excitability  of  the  muscles  runs 

a  parallel  course  to  the  excitability   of  the  nerve-fibres,  and  probably 

depends  upon  the  degeneration  of  the  terminal  nerve-fibres  within  the 

muacle  itself  (Crb).    The  increase  and  qualitative  changes  of  the  galvanic 

^^excitability  api>ear  during  the  second  week,  this  being  the  time  during 

^Bwbicb  the  muscular  substance  is  undergoing  histological  and  chemical 

^■■cbangea.     The  8ut»equeut  diminution  of  the  galvanic  excitability  corre- 

^r  apooda  with  the  atrophy  of  the  muscular  fibres  ;  and  the  gradual  return 

to  the  oonual  excitability  with  the  regeneration  of  the  muscle  from  the 

atrophy  and  cirrhosis  which  it  had  undergone. 

Whenerer,  therefore,  the  "reaction  of  degeneration"  presents  itself  it 
atf  be  inferred  that  considerable  anatomical  changes  must  have  taken 
ptaee  iu  the  nerves  and  muscles,  the  exact  nature  of  which  may  be  deduced, 
with  aoioa  degree  of  certaiuty,  from  the  stage  to  which  the  electrical 
thtagta  have  advanced.  These  nutritive  changes  will  be  described  under 
Um  aectioD  treating  of  the  tn>phic  ueuro'Ma. 

The  reactions  obtained  by  the  direct  application  of  the  galvanic  current 
to  the  muaclee  may  be  formulated  as  follow  : — 

Law  of  formal  Con.traclion, 
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Qaanlitatitm  Changtt  (timpU  dtgentrration). 


amPLi  I.icmtAKE. 

\Ve«k  carrenta  CaSC     AnOC 

Medium  currenti  ...Ck  S  Ta    An  O  C 


8ixrt.c  DcomcAM. 


C»OC    I  I 

Strong  comnU C»STe   AnOTe  CkOC  ^  CaSC  AnSo  AdOcJCaScI 

Qmntitative  aiul  Qwxlitatiof  ClMngf.3—  Reaction  of  Dnffeueration 
(Atrophic  Oti/encralion), 
Cai-rents— 

-Weak 1.  Stuije  of  increase  C*aO    An  8  Te    AnOOCftOC 

MeJium..  2.  Stnge  of  gradual  decrease   ...  CaSo      An  S  Ta 
Strong  ...  3.  Final  alage  prior  to  abulition  An  S  c 

The  foUowiug  diagrams  {Fi<ft.  8,  0, 10),  borrowed  from  Erb,*  represent 
graphically  the  general  relations  of  motility,  excitability,  and  structural 
chaiigejt  which  are  preseut  in  the  diSereot  stages  of  paralysis.  "  The  fint 
thick  vertical  line  or  ordinate,"  says  Krb,  "  indicates  in  all  the  dravriiigs 
the  attack  of  parulysis,  the  sudden  cesnatiou  of  motility  ( |^| )  ;  the  period 
of  return  of  motility  is  indicated  by  a  star  (  •  ).  The  succeeding  ordinatea 
represent  intervals  of  one  or  more  weeks,  dating  from  the  occurrence  of  the 
attack.  The  undulations  in  the  line  representing  the  galvanic  excitability  _ 
of  the  muscle  indicate  its  qualitative  changes.  Fig.  8,  for  instance,  exhibits  fl 
the  diminution  of  excitability  that  occurs,  both  in  nerve  and  muscle, 
during  the  fir:it  week  ;  the  extinction  of  excitability  of  the  oen-es  and  of 
the  faradic  excitability  of  the  muKcle,  the  augmeotation  and  qualitative 
change  in  the  galvanic  excitability  of  the  muscle  in  the  second  week  ;  and 
the  return  of  the  motility  in  the  sixth  week.  In  the  eighth  week  it  may 
be  seen  that  the  motility  is  restored  to  some  extent,  that  the  nerve  hat 
recovered  its  faradic  and  galvanic  excitability,  and  that  thero  is  an  iucresM 
and  qualitutive  change  iu  the  galv.inio  excitability  of  the  muscle,  and  so 
on."  In  the  second  degree  of  the  reaction  of  degeneration  the  faradic 
and  galvanic  excitability  of  the  nerve  does  not  appear  until  the  thirtieth 
week  {Fig.  9) ;  while  in  the  third  degree  {Fig.  10)  the  excitability  of  the 
nerve  never  returns,  but  the  galvanic  excitability  of  the  mascle  only 
becomes  finally  abolished  after  a  prolonged  peiiod,  in  some  coses  extending 

over  a  period  of  two  years. 

Fio.  8. 
RECOVERY    RAPID. 


DflftroerAtioii 
ut  ttie  aServo. 


Atrophy  aud 
MultJplicKtion  of  Nuclot 
iu  Ui«  Miuculor  Fibnm. 


RngBiiaration.      Cirrhoaia. 


tf  fOmlv.  mui 
t  \  Fjma.  i:x 
£  I  uiUbtlltjr 


*  ZienuMH*!  CyclopelU,  vol  xi.,  p.  436i. 
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I)«t»u«i»tli»    Atropfa7,»tc. 
of  iIm  N«rT«.      of  M  niclu. 


Fio.  9. 
BECOVERV    SLOW. 

Cirrhosis. 


R«g«ooratloo. 


1,       i.      4.       t.      \«.     IS,     -.1^      25.      30.     »5,     4  1.     4S.     60.     (6.  Week 


Fig.  10. 
NO    RECOVERY. 

MultlpUcstioa  of  KuoIdI,  ClrrhoiU. 


Coisplcte 
DIuppMimiMo. 


MotiUl' 

^P  Tbe  "reaction  of  degeaeratiou"  occurs  ia  all  paraljrses  of  trautoatic 
H.  engin,  accompauied  by  complete  divUiou  or  crushing  of  the  nerves,  in 
ocrtAin  paralyser  of  rheumatic  origin,  especially  iu  facial  paralysis,  and  in 
ftnljKa  from  neuritis,  and  compression  of  the  nerves  from  tumours  and 
oUmt  eauaea.  It  also  occurs  in  saturnine  paralysis  and  in  infantile  para- 
Ijss,  and  in  tbat  which  occurs  iu  the  course  of  or  subsequent  to  acute 


of  the  spinal  corvi. 
Jfeekanical  Excitability. — In  some  forms  of  paralyiis  the  muscles  ez- 
ibit  ao  increased  excitability  to  mechanical  irritation.  Paralysed  muscles 
d  by  a  distinct  slow  and  protracted  contraction  to  mechanical 
It,  such  aa  tapping  with  the  tip  of  tbe  finger  or  a  blow  with  a  light 
ptrcoasion  hammer.  The  increaseil  mechanical  appears  to  be  more  or  leas 
oooaected  with  the  increased  galvanic  excitability  ;  but  the  augmentation 
of  Uia  former  occurs  at  a  somewhat  later  period  than  that  of  the  latter. 
Wbea  onc«  the  mechanical  excitability  appears  it  increases  rapidly,  and 
is  narticuUrly  well  marlced  iu  muscles  having  a  firm,  bony  support ;  it 
tliMi  gradually  diminishes,  and  disappears  iu  the  coutae  of  tbe  third  or 
tiiurth  mouth. 
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HYPEBKINESES  OF  THE  MUSCLES  OF  EXTEKNAL  RELATION.' 

Hyperkinesia  of  the  voluntary  muscles  consists  of  abnonnai 
muscular  contractions  called  spaama.  Muscular  spasms  con- 
sist of  contractions  which  are  disproportionate  to  the  degree! 
of  external  stimulus,  or  which  arise  in  the  absence  of  external 
stimulation  as  the  result  of  pathological  irritation.  Spasmodic 
affections  may  be  divided  into  two  groups.  In  the  first  group, 
or  clonic  spasms,  the  affected  muscles  are  in  a  state  of  rapidly 
alternating  contractions  and  relaxations ;  while  in  the  second 
group,  or  tonic  spasms,  the  affected  muscles  are  maintained  for 
hours,  or  even  days,  in  a  state  of  persistent  and  equable 
contraction. 


§  68.  Clonic  Spasms. 

(t)  Tremor  is  the  mildest  form  of  clonic  spasm.  It  consii 
of  slight  contractions  of  particular  muscles  or  groups  of  muscles, 
by  means  of  which  a  peculiar  rhythmical  oscillation  of  the 
limbs  and  trunk  is  produced.  The  higher  degrees  of  tremor 
consist  of  more  powerful  contractions,  which  cause  manifest 
trembling,  or  even  distinct  quivering  of  the  limbs,  such  as 
is  met  with  in  paralysis  agitans.  Fibrillary  contraclums 
consist  of  alternate  contractions  and  relaxations  of  individual 
bundles  of  muscular  fibres,  visible  as  wavy  oscillations  under  the 
skin,  but  which  do  not  give  rise  to  any  movement  of  the  limb. 

Varieties. — A  very  old  division  of  tremor  into  two  varieties 
has  been  revived  by  Charcot,  Gubler,  and  others.  The  distinc- 
tion was  indeed  made  by  Galen,  and  special  attention  was 
directed  to  it  by  Van  Swieten.  In  the  one  variety  the 
tremor  persists  during  repose,  and  Van  Swieten  attributed 
this  form  to  irritation,  affecting  the  nervous  centres  in  an 
intermittent  and  rhythmical  manner.  He  regarded  it  as  a 
convulsive  phenomenon,  and  called  it  tremor  coactua.  In  the 
second  variety  the  tremor  is  exclusively  shown  during  the 
execution  of  voluntary  movements,  and  Van  Swieten  regarded 
it  as  a  paralytic  phenomenon,  and  called  it  tremor  a  dehililait. 
There  can  be  no  doubt  that  there  are  two  varieties  of  tremor, 
the  one  persisting  during  repose,  and  the  other  only  appearing 
when  the  patient  makes  a  voluntary  effort ;  but  whether  the 
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former  is   due   to   pathological    irritation   and   the  latter  is 
a  paralytic  phenomenon  is  open  to  question. 

Tremor  is  a  symptom  of  various  diseases  of  the  nervous 
system.  It  appears  locally  as  a  symptom  of  neuritis  and  more 
extensively  distributed  as  a  symptom  of  certain  central  diseases 
of  the  nervous  system ;  as  disseminated  sclerosis,  paralysis 
sgitAns,  and  in  chronic  poisoning  by  alcohol,  opium,  lead,  or 
mercury.  It  may  sometimes  occur  as  an  independent  disease, 
then  it  constitutes  simple,  essential,  or  idiopathic  tremor. 
Simple  uncomplicated  tremor  occurs  generally  in  old  age  ;  but  it 
is  occasionally  met  with  in  young  persons.  Women  appear  to 
be  more  disposed  to  tremor  than  men,  and  it  may  occasionally 
occur  as  one  of  the  manifestations  of  hysteria.  Tremor  occurs 
also  as  a  symptom  of  exhausting  diseases ;  such  as  typhoid  fever, 
great  bodily  and  mental  exertion,  excessive  venery,  onanism ; 
and  the  rigor  which  ushers  in  acute  disease  may  be  regarded  as 
a  kind  of  tremor. 

(2)  Convulsian. — The  next  variety  of  clonic  spasm  is 
termed  convulsion.  Convulsive  movements  consist  of  energetic 
ooatractions  and  relaxations  of  particular  muscles  or  groups  of 
muacles.  causing  a  rapid  succession  of  vigorous  movements,  and 
firing  rise  to  twitchings  of  the  face,  starlings  of  the  limbs,  and 
movements  of  the  head  and  body.  If  the  majority  of  the 
mascles  of  the  body  are  affected  with  alternating  contractions 
aod  relaxations,  causing  extensive  and  irregular  movements  of 
the  trunk  and  limbs,  the  condition  is  termed  general  convulsions, 
a  condition  which  forms  the  most  prominent  feature  of  epilepsy, 
urvmia,  eclampsia,  and  hysterical  attacks. 
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§  69.  Tonie  Spaams. 
)  Cramp  is  the  simplest  form  of  tonic  spasm,  and  consists 
persistent  painful  contraction  of  a  muiicle,  or  of  a  group  of 
miuclea  Cramp  of  the  calf  of  the  leg  is  the  most  common 
variety  of  this  atfection  when  it  is  limited  to  a  single  muscle. 
It  frequently  comes  on  during  sleep,  more  especially  after  the 
muscles  of  the  calf  have  been  strained  the  previous  day  by  pro- 
loBged  walking  or  by  dancing.  Very  painful  and  troublesome 
eratnps  of  the  abdominal  muscles,  and  of  those  of  the  lower  ex- 
tremities, occur  in  severe  cases  of  summer  diarrhoea;  but  these 
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cramps  assume  their  highest  severity  and  importance  in 
Asiatic  cholera.  It  ia  doubtful  whether  the  cramps  of  cholert 
are  caused  by  reflex  irritation  or  by  nutritive  changes  in  the 
muscles   and   nerves   induced   by   the   disease. 

In  tetanus  the  majority  of  the  muscles  of  the  body  are 
affected  with  cramps  which  recur  in  paroxysms  of  longer  or 
shorter  duration. 

A  peculiar  modification  of  cramp  is  met  with  in  catalepsy. 
The  muscles  in  this  affection  are  in  a  condition  of  moderate 
contraction  ;  but  the  resistance  they  offer  may  be  readily  over- 
come by  passive  movements,  so  that  the  limbs  may  be  made  to 
assume  constrained  positions,  which  they  retain.  From  the 
manner  in  which  the  limbs  can  be  moulded  into  various 
positions,  this  condition  has  been  called  fiixihilUaa  oerea. 

(2)  Miiscidar  tension  is  a  state  of  moderate  contraction  of 
certain  muscles  or  groups  of  muscles,  which  occurs  when 
they  are  stretched  either  by  passive  movements  or  by  a 
voluntary  contraction  of  their  antagonists.  This  condition  ia 
always  associated  with  a  certain  degree  of  loss  of  voluntary 
power  over  the  affected  muscles. 

(3)  ContractU'Te  is  meant  to  express  any  persistent  shortening 
of  a  muscle,  whereby  its  points  of  origin  and  insertion  are  per- 
manently approximated.  Muscular  contractures  are  of  various 
kinds.  In  the  first  group  the  contracted  condition  Ls  due  to 
primary  changes  in  the  muscular  substance  itself,  hence  it  may 
be  called  myopathic  coniracture.  The  muscular  changes  con- 
Bist  of  induration  of  the  connective  tissue,  accompanied  by  fatty 
degeneration  and  subsequent  atrophy  of  the  mu-scular  fibres. 
The  structural  changes  in  the  muscle  are  indeed  due  to  a  sub- 
acute inflammation  of  its  substance,  a  myositis  which  from  the 
increased  growth  and  subsequent  shrinking  of  the  connective 
tissue  may  be  called  vniidcular  cirrhosis,  from  its  analogy  with 
cirrhosis  of  the  liver.  This  process  may  result  from  direct  in- 
jury to  the  muscle,  or  from  acute  rheumatism,  syphilis,  lead 
poisoning,  and  various  other  causes.  Another  form  of  permanent 
muscular  contraction  may  be  called  paralytic  or  secondary 
contracture.  When  a  certain  group  of  muscles  is  paralysed,  ■ 
their  antagonists  have  their  ends  approximated;  and  after  a 
time  they  become  accommodated  to  their  new  positions  and  be- 
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come  permanently  contractec].  At  other  times  a  paralysed  limb 
aaBames  a  certain  position  in  accordance  willi  the  law  of  gravi- 
tation, such  as  the  position  of  talipes  equino-varus  assumed  by 
the  foot  in  infantile  paralysis,  and  in  this  way  the  points  of 
attachment  of  certain  groups  of  muscles  are  approximated  and 
then  become  permanently  shortened.  In  long-standing  disease 
of  the  joints,  when  the  bones  have  to  assume  false  positions 
with  respect  to  one  another,  the  extremities  of  some  of  the 
muscles  are  unduly  approximated,  and  then  become  permanently 
oootracted. 

But  the  form  of  muscular  contraction,  which  more  immediately 
ooocems  us  at  present,  is  that  which  is  caused  directly  by  ab- 
oormal  innervation,  and  which  may  therefore  be  called  primary 
neuropathic  amtracture.  The  muscles  in  this,  as  in  the  other 
fiorma  c^  contracture,  become  persistently  rigid  and  shortened, 
aod  thu3  give  rise  to  various  deformities.  It  is  always  asso- 
cmied  with  a  certain  amount  of  paralysis.  The  rigidity  of  the 
mnades  usually  disappears  during  sleep  and  gradually  returns 
oo  awakeoiog,  and  it  is  almost  always  increased  by  voluntary 
moTement 

§  70.  CoTicomitant  Symptoms. — Spasms  are  either  accom- 
pauied  or  followed  by  various  other  phenomena,  which  deserve 
mention.  Other  motor  disturbances  are  frequently  present, 
geikermlly  in  the  form  of  diminution  or  loss  of  voluntary 
power  over  the  afiFected  muscles.  During  the  height  of  a  con- 
Tnlsion  associated  movements  sometimes  occur  in  more  or  less 
Dumemus  groups  of  muscles,  in  consequence  of  irradiation  of  the 
irritatioa  into  the  various  intercommunicating  paths. 

Sensory  disturbances  are  frequently  associated  with  spasmodic 
afreetions.  A  sensation  of  fatigue  and  exhaustion  is  often  felt 
in  the  muscles  after  the  cessation  of  the  cramps;  and  the 
miucles  also  feel  sore  and  tender  to  pressure  just  as  occurs  in 
bealtby  muscles  subjected  to  undue  strain.  Pain  is  often 
praseot  in  the  contracted  muscles  ;  while  spasm  due  to  an 
affM^on  of  a  mixed  nerve  is  frequently  accompanied  by  severe 
Muralgic  and  excentric  pains,  formication,  numbness,  or  well 
narked  Anaeathesia. 

Vaao-motor  and  secretory  disturbances  are  frequently  wanting, 
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but  occasionally  localised  paleness,  redness,  or  cyanosis  of  the 
surface  is  observed.  Profuse  perspirations  occur  both  in  epilepsy 
and  tetanus,  and  sweating  on  one  side  of  the  body  has  been 
observed  in  unilateral  epilepsy;  and  after  severe  attacks  of 
convulsions  there  is  frequently  an  abundant  flow  of  clear  limpid 
urine  (urina  spastica). 

The  trophic  disturbances  are  usually  insignificant.  Muscles 
affected  with  the  severest  spasms  may  exhibit  neither  hypertro- 
phy nor  atrophy ;  but  the  latter  condition  is  the  more  frequent 

Psychical  disturbances  are  not  unfrequently  as.sociated  with 
spasms ;  more  especially  in  epilepsy  and  hysteria.  It  is  verj' 
remarkable  bow  little  the  general  health  suffers  from  severe 
spasmodic  affections. 


§  71.  The  Conaecutiiv  Symptovis  or  HeqiulcB  of  spasm  are 
for  the  most  part  mechanical,  and  result  from  the  undue 
muscular  contraction.  The  most  important  of  these  are 
impairment  of  the  mobility  of  joints,  abnormal  positions  of  the 
bead  and  limbs,  curvatures  of  the  spinal  column,  alterations  of 
the  articular  extremities  of  the  bones,  displacements  and  sub- 
luxations of  the  joints,  disturbances  in  the  functions  of  special 
organs,  as  strabismus,  and  difficulty  of  breathing  or  swallowing, 
urination  and  defsecation. 

The  state  of  the  electric  contractility  of  the  affected  muscles 
and  nerves  varies  greatly,  being  sometimes  normal,  at  other 
times  diminished,  and  at  other  times  increased. 
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§  72.  Pressure  Points  are  frequently  observed  in  spasmodic 
affections.  Pressure  upon  certain  points  puts  a  stop  at  times 
to  the  convulsion  when  present,  and  consequently  these  points 
may  be  called  motor  arresting  pressure  poitits  ;  whilst  in  other 
cases  the  convulsions  are  brought  on  by  pressure  made  on  parti- 
cular points  ;  hence  these  may  be  called  motor  exciting  pressure 
points.  Pressure  points  of  the  first  kind  have  been  particularly 
observed  in  the  case  of  facial  spasm,  and  they  correspond,  like 
the  painful  points  in  neuralgia,  to  the  various  branches  of  the 
trigeminus,  and  they  are  not  unfrequently  sensitive  to  pressure. 
Similar  pressure  points  have  also  been  observed  in  other  forms 
of  convulsion  than  those  affecting  the  face. 
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§  73.  Theory  of  Hyperkinesia. 

Schiff  was  the  first  to  observe  that  tremor  is  frequently  seen  in  muscles 
vhich  »re  severed  from  their  connectious  with  the  voluntary  nervous 
centres.  This  phenomenon  is  best  seen  in  the  muscles  of  the  tongtie  of 
the  dog  kfter  section  of  the  hvpoglossus.  Vibratory  movements  of  the 
bundles  of  muscular  fibres  may  be  seen  through  the  mucous  membrane ; 
mod  when  one  only  of  the  nerves  has  been  cut,  the  tremor  is  confiupd  to 
the  p4ralysed  side.  The  tongue  is  not  moved  as  a  whole  by  these  con- 
tnctioim.  A  few  bundles  enter  into  contraction  at  a  time,  and  when 
tbaae  relax  other  bundles  contract,  and  thus  the  organ  is  maintained  in 
a  oonatant  state  of  tremor.  In  rabbits  there  is  continual  oscillation 
of  the  whiskers  after  section  of  the  facial;  and  in  birds,  trembling 
of  the  iriit,  which  is  provided  with  striated  fibres,  after  section  of  the 
notor  oculi.  Similar  trembling  occurs  in  the  muscles  of  the  extremities 
wben  their  nerves  have  been  separated  from  the  spinal  centres.  The  trem- 
bling does  not  begin  until  some  days  after  section  of  the  nerves,  and  it 
gtmdually  reaches  its  maximum  towards  the  end  of  the  first  week,  and 
may  then  continue  months  or  even  years.  During  this  time  the  peripheral 
portion  of  the  nerve  is  Undergoing  centrifugal  degeneration ;  and  as  this 
dagen«r*tton  induces  consecutive  changes  in  the  muscles,  it  is  very  pro- 
bable that  the  tremor  is  a  symptom  of  the  structural  alteration  which  the 
wmirlf*  have  undergone,  or  that  it  is  due  to  pathological  irritation  of  the 
motor  terminal  plates  in  the  interior  of  the  muscles.  Trembling  is  a 
marked  symptom  not  only  of  afiections  of  the  (leripheral  nerves,  but  also 
of  disim^H  of  the  pyramidal  tract ;  in  one  word,  it  occurs  whenever  the 
influence  of  the  voluntary  ceutres  over  the  muscles  is  greatly  weakened 
ur  Abolished,  and  consequently  the  opinion  of  Roml)erg  is  not  without 
jttatification  that  tremor  may  be  said  "  to  form  the  bridge  from  spasm  to 
panlywa."  A  tonic  spasm  of  a  muscle  is  caused  by  the  fusion  of  rapidly 
fwonring  siinple  spasms  into  an  apparently  smooth  continuous  contraction. 
WbMi  the  rasistanoe  to  conduction  is  greatly  increased  the  succeasive 
oerrouB  shocks  do  not  recur  with  sufiBcient  rapidity  to  produce  a  cou- 
Usaous  contraction,  but  a  series  of  alternating  contractions  and  relaxations 
MOVr,  which  is  the  essential  condition  underlying  tremor. 

Another  theory  of  the  nature  of  tremor  has  alio  found  acceptance  with 
■em*  modern  pathologists.  The  various  muscular  adjustments  of  the 
body  are  regulated,  as  already  stated,  both  by  the  cerebelUuu  and  cere- 
bram ;  the  former  presiding  over  the  tonic,  and  the  latter  over  the 
ciooio  muscular  contractions.  In  conformity  with  this  theory,  tremor 
fwott*  from  a  loss  of  balance  between  the  actions  of  the  two  great  ceutres 
of  innervation,  being  more  especially  due  to  the  tonic  action  of  the  cere- 
bellum when  the  action  of  the  cerebrum  is  enfeebled  (Jackson).  Cou- 
timcture,  again,  is  supposed  to  be  caused  by  the  complete  abolition  of  the 
otrebnl  intlueuoe,  the  action  of  the  cerebellum  being  still  maintained  in  a 
oarmal  condition.    Reflex  spasms  are  caused  by  irritation  of,  or  excess  of 
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initabilitj  of  the  reflex  arc  in  any  part  of  its  course,  either  of  the  afferent 
or  efferent  fibres,  or  of  the  grey  subitauce  of  the  Hpinal  cord  itael£ 

The  theory  of  general  convulaioiis  cannot  be  satisfactorily  discussed  at 
present.  Schroder  Van  der  Kolk  first  suggested  that  general  convulsioiia 
were  due  to  irritation  of  the  upper  portion  of  the  medulla  oblongata ; 
and  Nothnagel  has  recently  shown  that  they  may  be  induced  by 
irritation  of  a  limited  portion  of  the  floor  of  the  fourth  ventricle,  which  he 
has  consequently  named  the  convulsive  centre.  Various  experimental  and 
pathologiail  facts,  however,  favour  the  idea  that  general  oonvulsioos, 
accompanied  by  unconsciousness,  are  determined  by  a  discharge  from  the 
cortex  of  the  brain.  The  cortical  discharge  may,  of  course,  be  induced  not 
only  directly  by  local  irritation,  but  also  indirectly  by  irritation  of  any 
portion  of  the  centripetal  appajatus.  Dr.  Hughling  Jackson,  who  was 
the  first  to  enunciate  this  theory,  also  thinks  that  the  tonic  contractions 
of  tetanus  are  caused  by  a  nervous  discharge  from  the  cortex  of  the 
cerebellum. 

ELEMENTARY    AFFECTIONS    OF    THE    REFI.EX    MECHANISM 
OF   THK   MUSCLES    OF    EXTERNAL   RELATION. 

The  disturbances  which  occur  in  the  reflex  mechanism  situated 
in  different  parts  of  the  nervous  system  are  almost  inBnitely 
numerous.  A  very  considerable  number  of  the  spasmodic  affec- 
tions already  described  belong  to  this  category,  and  in  most 
forms  of  paralysis  reflex  action  is  decidedly  implicated  ;  while 
the  reflex  disorders  of  the  vaso-motor  mechanisms,  which  will  be 
subsequently  described,  are  exceedingly  important  and  diversi- 
fied in  character.  It  will,  however,  be  useful  to  mention  here  a 
few  of  the  disturbances  which  occur  in  the  more  common  and 
simple  reflexes  of  the  spinal  cord.  The  reflex  system  of  the 
spinal  cord  consists  of  a  series  of  nerve  loops,  the  afferent  por- 
tions of  which  pass  in  through  the  posterior  roots  of  the 
nerves,  and  become  connected,  through  a  mechanism  of  oelU 
and  fibres,  with  an  efferent  fibre  or  fibres,  which  pass  out  with 
the  anterior  roots  of  the  nerves,  to  be  conducted  to  the 
muscles. 

Time  rttpiirrd  for  ReJItv  Action*. — In  a  reflex  act  an  irapreasion  is 
made  upon  afferent  fibres,  which  convey  the  impulses  to  the  spinal  cord, 
where  they  are  reflected  through  efferent  fibres  to  a  muscle  or  muaole«. 
Such  a  process  as  this  requires  an  interval  of  time  to  elapse  between 
its  initiation  and  completion,  and  the  period  which  intervenes  between 
the  application  of  the  stimulus  and  the  beginning  of  the  contraction 
which   ensues  is  called   the   lateut  period.    The  length  of  this  latent 
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period  is  readily  calculated  theoretically,  although  considerable  practical 
difficulties  may  present  themselves.  This  period  is  made  up  of  three 
interrals  :— 

].  Thejfnt  inltrval  it  occupied  in  conduetiny  impuUes  along  afferent 
md  efferttU  fibra. — Conduction  through  a  metre  in  length  of  a  nerve 
talBM  i>I«oe  io  '03  of  a  second ;  and  if  jt  be  equal  to  the  conjoined  length,  in 
■aim,  of  the  afferent  and  efferent  fibres  engaged  in  a  reflex  act,  the  time 
oocvpied  by  conduction  through  them  will  be  equal  to  '03.r. 

8.  The  second  interval  consists  of  the  time  consumed  in  the  central 
operations  of  the  reflex  act,  and  the  length  of  which  Esner  has  estimated 
at  "065  of  a  second. 

3w  The  third  portion  of  the  interval  consists  of  the  time  occupied  in 
■ettiDg  np  molecular  changes  in  the  muscle,  unaccompanied  by  any  visible 
altetatioQ  in  its  form,  this  period  occupying  on  an  average  about  '01  of  a 

MCOod. 

By  adding  the  estimated  lengths  of  these  three  portions  of  time 
together,  we  obtain  the  length  of  the  interval  which  elapses  between  the 
application  of  a  stimulus  and  the  occurrence  of  the  resulting  reflex  con- 
traction, the  formula  being  '03r  +  '055  -f-  '0 1 .  It  ought  to  be  remembered, 
howerer,  that  the  time  for  any  reflex  act  varies  greatly  within  healthy 
iimita,  according  to  the  strength  of  the  stimulus  employed,  and  axxording 
as  the  nutrition  of  the  cord  and  nerves,  and  indeed  of  the  cephalic  ganglia, 
t*  active  or  in  an  exhausted  condition.  When  once  the  muscular  contrao- 
tiion  begins  the  shortening  of  the  muscle  up  to  a  maximum  occupies  about 
nH,  and  ita  return  to  its  former  length  '05  of  a  second. 


§  74i.  Disease  of  the  reflex  mechaniam  may  declare  itself  by 
way  of  excessive  reaction,  constituting  refl^ex  hyperkinesia,  or  by 
diminution  or  loss  of  reaction,  constituting  reflex  akinesis. 

Reflex  ITyperk'inesia  is  caused  by  diseases  which  increase 
the  irritability  and  consequently  dinainish  the  specific  resistance 
of  the  reflex  arc  in  any  part  of  ita  course ;  those  which  arrest 
conduction  through  the  fibres  of  the  p3rraniidal  tract ;  and 
those  which  increase  the  irritability  of  the  muscular  fibres 
themselves. 

Reflex  Ahinesia,  on  the  other  hand,  is  caused  by  diseases 
which  diminish  or  abolish  the  irritability,  and  consequently 
increase  the  specific  resistance  of  the  reflex  arc  in  any  part  of 
its  course,  those  which  increase  the  cerebro-spinal  discharges 
paming  through  the  pyramidal  tract,  and  those  which  diminish 
or  abolish  the  irritability  of  the  muscular  fibres  themselves. 
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Localisation  of  tlie  Lesion. — The  irritability  of  the  reflex  arc 
may  be  increased,  diminished,  or  abolished  by  disease  affecting — 

(1)  The  afferent  fibres  of  the  arc  from  their  peripheral  origin 
until  they  pass  through  the  posterior  roots  of  the  nerves  {Fig. 
11,  p)  to  end  in  the  grey  substance  of  the  posterior  homa. 
When  either  the  afferent  fibres  or  their  peripheral  or  central 
terminations  are  affected,  the  reflex  symptoms  are  usually 
accompanied  by  sensory  phenomena. 

(2)  The  efferent  fibres  of  the  reflex  arc,  at  their  central  origin 
in  the  ganglion-cells  of  the  anterior  horns,  in  their  passage 
through  the  anterior  root  zones,  anterior  roots  (Fig.  11,  a  a),  and 
peripheral  nerves;  and  finally,  in  their  peripheral  terminations  in 
the  individual  muscular  fibres.  In  disease  of  the  efferent  fibres, 
or  of  their  central  or  peripheral  terminations,  the  reflex  symp- 
toms are  usually  accompanied  by  voluntary  motor  disorders. 

(3)  The  grey  substance  of  the  reflex  mechanism  (Fig.  11,  P,  A). 

(4)  The  conducting  path — tbe  pyramidal  tract — which  con- 
nects the  spinal  centres  with  the  higher  cerebral  centres  {Fig. 
li,pt). 

(5)  The  muscular  fibres  themselves. 

Varieties  of  Reflex  Actions. — The  reflex  actions  may  be 
subdivided  into  two  forma — the  superficial,  and  the  deep. 


§  75.  The  Superficial  Reflexes  are  excited  by  stimulation  of 
the  skin  and  accessible  mucous  membranes. 

The  tests  employed  for  estimating  the  various  degrees  of 
these  reflexes  are  tickling,  pricking,  pinching,  or  gently  scratch- 
ing the  surface,  or  the  application  of  the  faradic  current  to  the  ■ 
surface  by  means  of  dry  electrodes  or  of  the  faradic  brush. 

A  series  of  reflex  actions  may  be  obtained  from  the  normal 
spinal  cord,  which,  as  Dr.  Qowers*  has  shown,  are  of  the 
utmost  importance  in  the  diagnosis  of  spinal  affections. 

The  following  superficial  reflexes  may  be  distinguished: — 

1.  The  refex  of  the  lale  of  the  foot,  which  depends  upon  the  integritj 
of  the  reflex  aru  through  the  lower  eud  of  the  cord  (conm  medaUarU). 

2.  Tlie  gluteal  n/tex,  coasi^ting  of  contrautiou  of  the  gluteal  muscles, 
induced  b;  stimulating  the  akin  over  the  buttock,  and  de[>endiDg  upon  the 
integrity  of  the  arc  through  the  fourth  or  fifth  lumbar  nerves. 


« 


^ 


*  The  diagnMis  of  diaeama  of  the  spinal  cord,  by  Dr.  W.  B.  Gowera.  —The 
Mtdical  Timti  and  QaztUe,  VoL  II.,  p.  520. 
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3.  Thi  ertmatttrie  rrfltx,  by  which  the  testicle  ia  drawn  tip  when  the 
^n  on  the  inner  side  of  the  tbigb  is  stimulated,  and  demauding  the 
integrity  of  the  first  and  second  pair  of  lumbar  nerves. 

4.  The  abdominal  rtfltx,  consisting  of  a  contraction  of  the  abdominal 
nweles,  chiefly  the  rectus,  caused  by  stroking  the  skin  on  the  side  of 
the  abdomen  from  the  edge  of  the  ribs  downwards,  and  requiring  the 
integrity  of  the  arc  through  the  nerves  from  the  eighth  to  the  twelfth 
dorsal  nerves. 

6.  TKe  tpigoMtric  reJUx  producing  a  dimpling  of  the  epigastrium  o(i  the 
side  stimulated.  It  is  induced  by  etimulation  of  the  side  of  the  chest  in 
the  sixth,  fifth,  and  sometimes  fourth  intercostal  spacea.  This  dimpling 
probably  depends  upon  contraction  of  the  highest  fibres  of  the  rectus 
kbdomiois,  and  its  presence  requires  the  integrity  of  the  cord  from  the 
fourth  to  the  sixth  or  seventh  pairs  of  dorsal  nerves. 

6.  Tht  trector  spina;  re/lex;  consisting  of  a  local  contraction  of  these 
muscles,  caused  by  stimulation  of  the  skin  along  their  edge  from  the  angle 
of  the  scapula  to  the  iliac  crest,  and  demauding  the  integrity  of  the  reflex 
arcs  in  the  dorsal  region  of  the  spinal  cord. 

7.  T/te  scapular  refiex,  consisting  of  a  contraction  of  some,  or  nearly 
ail,  of  the  scapular  muscles  according  to  its  degree,  and  demanding  the  in- 
tegrity of  the  cord  at  the  level  of  the  upper  two  or  three  dorsal  and  lower 
two  or  three  cervical  nerves. 

8.  Tht  palmar  reflex  consists  of  a  contraction  of  the  flexors  of  the 
fingsn  induced  by  tickling  the  palm  of  the  hand.  It  requires  the  integrity 
of  the  reflex  arcs  through  the  greater  part  of  the  cervical  enlargement. 
This  reflex  is  not  readily  induced  during  waking  hours  and  consequent 
eerebral  activity,  probably  because  the  hand  is  much  more  under  cerebral 
influence  than  the  foot.  During  sleep,  however,  and  in  young  infants, 
when  the  cerebral  influence  is  suspended,  or  not  yet  fully  established, 
this  i«flex  is  as  readily  induced  as  the  reflex  of  the  sole  of  the  foot. 

9.  Cranial  refUxM. — The  chief  reflexes  of  the  cranial  nerves  are  the 
coatraction  of  the  palatal  muscles  caused  by  irritation  of  the  fauces  ; 
th«  aneexing  caused  by  irritation  of  the  mucous  membrane  of  the  nose  ;  the 
eoogh  caused  by  irritation  of  the  mucous  membrane  of  the  larynx  ;  the 
eioaure  of  the  eyelids  caused  by  irritation  of  the  conjunctiva ;  and  the  reflex 
contraction  of  the  iris  caused  by  light. 

Some  of  these  reflexes  are  absent  in  healthy  individuals,  more 
•specially  the  reflexes  of  the  bock  and  abdomen,  so  that  the  diminution  or 
abwnoe  of  some  of  them  must  not  be  taken  as  a  sure  sign  of  disease. 
Their  presence,  however,  is  a  proof  that  the  respective  paths  through  the 
eofd  are  not  seriously  interrupted. 

Increase  of  these  reflex  reactions  indicates  that  the  irritability  of  the 
reapective  arcs  is  increased  in  some  portion  of  their  course,  or  that  the 
inhibitory  influence  of  the  cerebrum  is  withdrawn.  When  a  frog  is  poisoned 
with  strychnia,  a  slight  touch  on  any  part  of  the  skin  may  cause  oonvul- 
of  the  whole  body,  due,  as  Dr.  Ringer  has  shown,  to  diminution  of 
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the  specific  resistance  of  the  grey  substance.  A  similar  increase  of  the 
reactions  obtained  by  cutaneous  stimulation  occurs  iti  atr/cbnia  i>oisoning 
in  man.  When  the  brain  of  the  frog  is  removed  reflex  actions  art 
developed  to  a  much  greater  degree  than  in  the  entire  animal ;  but  if  the 
optic  lobes  be  stimulated  by  putting  a  crystal  of  sodium  chloride  upon 
tbem  the  activity  of  the  reflex  actions  becomes  again  diminished.  That 
withdrawal  of  cerebral  iafiueuce  increases  the  reflex  activity  of  the  spinal 
cord  in  man  is  shown  by  the  facts  that  the  reflexes  are  very  active  daring 
sleep  and  in  childhood. 

The  condition  of  the  cutaneous  reflexes  in  cerebral  paralysis,  bow- 
ever,  appears  to  be  an  exception  to  this  rule,  inasmuch  as  they  beooma 
greatly  diminiahad  or  abolished  on  the  paralysed  side.  It  has  been 
shown  by  Rasenbach  that  the  abdominal  reflexes,  and  by  Jastrowiti 
that  the  cremasteric  reflexes,  are  abolished  or  diminished  on  tbs 
paralysed  side  in  cases  of  disease  of  one  cerebral  hemisphere.  These  curious 
facts  may  probably  be  due  to  paralysis,  or  loss  of  tone  of  the  muscular 
fibres  distributed  to  the  skin,  which  may  be  followed  by  so  much  cutaneous 
flaccidity  as  to  prevent  the  {nripheral  termiuation  of  the  aflerent  fibres  of 
the  reflex  arcs  from  being  duly  exposed  to  the  irritation  of  tickling  and 
other  cutaneous  stimulants.  But,  whatever  may  be  the  explanation, 
there  can  be  no  doubt  that  these  phenomena  are  only  apparent  and  not 
real  exceptions  to  the  general  law,  that  diminution  of  cerebral  influeoce, 
other  things  being  equal,  increases  the  reflex  activity  of  the  cord. 


§  7G.  The  Deep  Reflexes. 

The  deep  refiexes  cousist  of  muscular  contraclloDS,  evoked 
by  striking  the  muscles  themselves,  or  stretching  their  ten- 
dons, or  even,  under  certain  circumstances,  by  tapping  certain 
parts  of  the  periosteum,  and  probably  some  of  the  fasciae.  The 
reflex  muscular  contraction  obtained  under  certain  conditions 
on  striking  a  smart  blow  across  a  muscle  must  not  be  confounded 
with  the  idio-muscular  contractility  already  described,  which  ia 
always  in  excess  when  the  nutrition  of  the  muscle  is  in  an 
exhausted  condition.  But  as  the  mechanical  reflex  contrac- 
tility of  the  muscle  is  subject  to  the  same  taws  as  the  tendinous 
reflex,  the  former  does  not  demand  a  separate  examination. 


§  77.  Tendinous  Reflexes. — Of  the  phenomena  which  have 
been  grouped  under  the  name  of  tendon  refl^exfs,  by  far  the 
best  known  are  those  which  have  been  called  respectively  "knee- 
phenomenon  "  and  "  foot-phenomenon,"  by  Westphal,  and 
patellar-tendon  and  Achilles-tendon  reflex,  by  Erb.    The  former 
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bas  also  been  called  knee  reflex,  aud  the  latter  ankle  re/lex, 
or  ankU  clonus. 

Patellar-tendon  Reflex. — If  a  man  in  health  sits  with  one  leg 
crossed  upon  the  other,  and  the  ligamentum  patellae  be  then 
smartly  struck  immediately  below  the  knee-cap,  the  extensor 
muscles  in  front  of  the  tliigh  become  suddenly  contracted, 
causing  the  foot  to  be  jerked  forwards  to  a  variable  extent, 
according  to  the  extent  of  the  contraction. 

The  bloir  is  usually  delivered  by  the  inner  edge  of  the  hand  of  the 
operator  ;  but  an  ordiuary  stethoscope,  held  loosely  by  the  small  eud 
while  the  blow  is  struck  with  the  edge  of  the  ear-piece,  ia  a  coDveoient 
iostrumeut  for  the  purpose  ;  while,  in  cases  which  require  great  delicacy 
io  the  applicatiou  of  the  teat,  it  is  desirable  to  use  a  Wiiiterich  percussion 
baminer  for  the  purpose.  It  is  also  desirable  to  uncover  the  knee  that 
the  blow  may  be  delivered  ou  the  bare  skici. 

The  uaual  sitting  posture,  with  the  legs  crossed  so  that  the  back  of  one 
knee-joint  rests  ou  the  front  of  the  other,  ia  the  position  generally  adopted 
far  applying  the  test ;  but  any  position  will  suffice  which  renders  the 
tendon  tense  and  leaves  the  leg  fi-ee  to  move,  and  indicate  the  con- 
tndion.  Sitting  on  an  elevated  seat,  the  legs  hanging  freely,  is  also 
A  couveiiieut  position;  and  in  stout  people,  who  cannot  readily  cross  one 
leg  over  the  other  in  a  sitting  posture,  the  operator  may  pass  bia  hand 
beoeath  the  patient's  thigh  just  above  the  knee  joint,  and,  grasping  the 
opposite  knee,  support  the  extremity  to  be  examibed  by  his  forearm 
(Qowen). 

The  reaction  is  most  energetic  when  the  blow  is  stnick  a  little  below 
bat  very  near  to  the  patella ;  aud  it  may  be  necessary  to  make  repeated 
tnals  before  the  most  sensitive  spot  is  discovered.  Although  the  most 
•enutive  spot  ia  over  the  tendon  immediately  below  the  patella,  the  con- 
traction may  also  be  excited,  more  especially  when  the  reaction  is  lively,  by 
a  blow  OD  the  tendon  above  the  patella,  or  even  by  a  blow  on  the  muscle. 

The  strength  of  the  contraction  varies  greatly  within  the  limits  of 
beslth  in  diflerent  iudividual.s,  aud  even  iu  the  same  individual  at  different 
timee.  With  myself  this  reflex  is  at  times  very  lively  ;  while  at  other 
times  it  is  not  readily  elicited,  although  the  phenomenon  ia  always  present 
to  some  extent.  The  conditions  which  determine  these  variations  are  not 
clearly  traceable.  In  the  case  of  a  medical  friend  of  mine,  who  enjoys  the 
most  perfect  health,  the  patellar  reflex  is  entirely  absent.  Both  of  us 
have  applied  the  teat  many  times  during  the  la.^t  eighteen  months,  ami 
with  every  known  precaution  against  failure,  but  never  succeeded  in  ob- 
taining the  slightest  trace  of  a  contraction  of  the  quadriceps.  Out  of  1,409 
beklthy  individuals  examined  by  Berger  the  patellar  reflex  was  absent  in 
8i,  or  1'66  per  cent.* 

•  Centralbl  fiir  Nerveo  heilkondF,  No.  4.  1879. 
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The  mechAnism  by  wliich  this  reaction  is  produced  has  been  mtuh 
discussed  of  late.  It  is  conceivable  that  the  contraction  of  the  quad- 
riceps ia  of  the  nature  of  idio-muscular  contractility,  and  induced  by  the 
direct  irritation  of  the  muscular  fibres  which  their  sudden  stretching 
causes  ;  or  it  may  be  of  the  nature  of  a  true  spinal  reflex.  The  first  sup- 
position has  been  maintained  by  Westpbal  ;  but  the  second  opinion, 
originally  advanced  by  Erb,  is  aow  almost  universally  adopted. 

If  tbiu  reaction  is  a  true  spinal  reflex,  it  must  conform  to  the  laws 
which  regulate  the  genesis  and  transmission  of  other  reflex  acts,  and  must 
oonaequeutly  possess  the  following  characteristics  : — 

1.  The  reaction  must  take  its  origin  from  stimulation  of  afferent  fibres. 

S.  An  interval  must  intervene  between  the  instant  at  which  the  blow 

is  delivered  on  the  tendon  and  the  commencement  of  the  contraction  of 

the  quadriceps,  corresponding  to  the  time  occupied  in  the  tranmniBBion  of 

other  reflex  impulses. 

3.  The  reaction  ought  to  be  diminished  or  abolished  by  all  injuries  and 
diseases  which  diminish  or  abolish  the  irritability  of  any  portion  of  the 
reflex  arc  concerned  in  its  production  ;  and  conversely  it  ought  to  be 
augmented  by  those  lesions  which  increase  the  irritability  of  any  portion 
of  that  arc. 

1.  The  first  requirement  laid  down  is  that  the  reflex  act  must  take  its 
origin  from  stimulation  of  afferent  fibres.  Now  if  the  knee  phenomenon 
be  a  true  reflex  it  must  conform  to  this  requirement,  and  the  origin  of  the 
afferent  fibres  concerned  must,  if  possible,  be  determined.  The  afferent 
fibres  of  the  knee  phenomenon  might  spring  from  the  skin  over  the  tendon, 
from  the  tendon  itaolf,  or  from  the  muscles.  That  the  cutaneous  nerves 
are  not  concerned  iu  the  reaction  has  been  amply  proved  by  \Ve.stphal  and 
others.  Westpbal  could  nut  induce  any  contraction  in  the  muscle  by 
pinching  the  skin  over  the  tendon,  or  by  striking  it  with  a  per\:ussion 
hammer  after  being  raised  up  in  a  fold  so  that  it  could  be  struck  without 
acting  on  the  underlying  tendon  ;  and  the  reaction  is  readily  obtained  in 
animals  by  striking  the  bare  tendon  after  the  skin  has  been  cut. 

It  is  not  so  easy  to  determine  whether  the  afferent  fibres  start  from  the 
tendon  or  from  the  muscle.  In  favour  of  the  former  view  it  may  be  stated 
that  Sachs  has  demonstrated  the  existence  of  nerve  fibres  in  the  tendon  of 
the  quadriceps,  these  being  e8i>ecially  abiiudaut  at  the  point  of  junction 
of  the  tendon  with  the  muscles.  Without,  therefore,  denying  that  the 
afferent  fibres  starting  from  the  muscle  are  concerned  in  the  reaction,  it  la 
exceedingly  probable  that  afferent  fibres  exist  in  the  tendon,  stimulation 
of  which  wiU  occasion  the  phenomenon. 

2.  Let  us  now  see  if  the  patellar-tendon  reflex  conforms  to  the  second 
requirement  of  a  reflex  act  We  have  already  found  that  if  j  ia  equal 
to  the  combined  lengths  of  the  afferent  and  efferent  fibres  of  a  reflex 
arc,  the  time  which  intervenes  between  an  impression  and  the  resulting 
contraction  is  equal  to  '03  x  -\-  "OSS  -f  -01  of  a  second.  Now,  suppose 
that,  with  Dr,  Qowers,  we  assume  that  the  length  of  the  afferent  and 
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cflaent  fibres  of  the  knee  reflex  arc — that  is,  the  length  from  the  tendon  to 
the  spinal  cord  at  the  level  of  the  origin  of  the  sixth  lumbar  nerve  and 
back  again  to  the  middle  of  the  rectua-muscle — is  equal  to  a  metre  and  a 
half  (which  is  rather  too  much),  then  our  formula  is  '03Xl'5-|~  055+'01 
<B  'II,  or  abnut  (  of  a  second. 

The  graphic  method  has  been  employed  by  severed  observers  in  order 
to  determine  whether  the  interval  between  the  blow  on  the  tendon  and 
Um  contraction  of  the  quadriceps  corresponds  to  the  conclusion  derived 
from  the  reflex  formula.  There  are  considerable  discrepancies  between 
the  results  obtained  by  diflurent  observers.  Burckhardt  and  Tscbirjew, 
for  inatoQce,  have  found  the  interval  between  the  blow  and  the  con- 
traction not  to  exceed  'O-l  to  "03  of  a  second ;  and  Brissaud  and  Frauck, 
who  conducted  observations  on  this  point  under  the  direction  of  Charcot,* 
found  the  length  of  the  interval  to  be  '04  in  health,  and  '03G  in  lateral 
aclerosis  where  the  reaction  is  exaggerated  ;  while,  on  the  other  hand.  Dr. 
Oowers  found  the  length  of  the  interval  to  average  "10  or  '11  of  a  second, 
•n  estimate  which  corresponds  exactly  with  the  conclusion  derived  from 
the  reflex  formula.  Notwithstanding  the  discrepancies  between  the  esti- 
mate* of  different  observers,  the  results  obtained  on  the  whole  favour  the 
idea  that  the  contraction  of  the  quadriceps  is  a  true  spinal  reflex.  In  the 
Tery  careful  graphic  tracings  given  by  Dr.  Oowers,  a  slight  initial  eleva- 
tion is  observed  to  be  interposed  between  the  blow  on  the  tendon  and  the 
Urge  elevation  caused  by  the  energetic  contraction  of  the  muscle.  This 
initial  elevation  begins  -05  of  a  second  tJter  the  blow  is  delivered,  and  Dr. 
Oowera  attributes  it  to  a  slight  primary  contraction  of  the  muscle  caused 
by  the  direct  mechanical  irritation  of  the  muscular  fibres  produced  by 
their  sudden  stretching  on  the  tendon  being  struck. 

3.  The  third  condition  mentioned  is  very  complex,  inasmuch  as  a  lesion, 
whether  it  increase  or  diminish  the  irritability  of  the  reflex  arc,  may 
occupy  so  many  different  positions.  Notwithstanding  the  complexity  of 
th«  problem,  a  considerable  number  of  facts  have  now  been  accumulated, 
both  by  physiologists  and  pathologists,  which  render  the  proof  in  this 
wpect  almost  as  cogent  as  could  bu  desired. 

Forbinger  and  Schultze  found  that  the  kuee-reflex  exists  in  animals,  and 
that  it  wa.s  abolished  on  the  destruction  of  the  spiual  cord.  Tscbirjew 
alao  found  that  destruction  of  the  portion  of  the  spinal  cord  of  the  hare, 
opixMate  the  fifth  and  sixth  lumbar  vertebra),  and  from  which  the  greater 
portion  of  the  anterior  crural  nerve  springs,  as  well  as  section  of  the  pos- 
terior roots  of  the  sixth  lumbar  pair  of  nerves,  immediately  arrested  the 
kiMe-refl«z,  while  section  of  the  cord  above  and  below  this  point  did  not 
•z«rt  any  manifest  influence  on  its  production.  These  observations 
hare  since  been  confirmed  by  Senator.  It  ought  to  be  mentioned 
that  Burckhardt  states  that  in  animals,  although  section  of  the  anterior 
eninl  nerre  arrests  the  knee-reflex,  yet  it  is  not  arrested  by  section  of  the 

•  ht  ProKTie  M«dioal,  13  Man,  1880,  p.  204, 
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BpiDEil  roots,  and  hence  hs  concludes  that  the  phenomenon  is  a  reflex  fna 
the  ganglia  of  the  posterior-roots.  This  conclusion  is,  however,  contrary 
to  well  ascertained  pathological  facts,  and  the  exiieriment  upon  which  it  is 
founded  is,  moreover,  contradicted  by  the  positive  results  obtained  by 
Tschirjew.  Turning  now  to  pathological  facts,  the  evidence  in  favour 
of  the  reflex  nature  of  this  reactiou  is  no  less  convincing ;  and,  indeed, 
the  pathological  facts  which  prove  the  reflex  origin  of  the  knee-pheno- 
menon are  those  which  render  it  such  an  invaluable  sign  of  the  cooditioa 
of  that  portion  of  the  spinal  cord  from  which  the  anterior  crural  nerve 
arises, 

§  78.  Diseased  conditions  wnder  which  ilte  Patdlar-tendan 
Reflex  is  diminished  or  abolished — fl)  The  patellar-teDdon 
reflex  is  absent  in  most  cases  of  locomotor  ataxy,  and  the  diag- 
nostic value  of  this  symptom  is  greatly  enhanced  by  the  fact 
that  the  phenomenon  usually  disappears  at  a  very  early  period 
of  the  afft'Ction.  It  is  now  well  known  that  the  morbid  lesion 
in  locomotor  ataxy  is  situated  in  the  posterior  root-zones 
{Fig.  1 1 ,  pr)  and  posterior  roots,  and  consequently  the  absence 
of  the  knee-refiex  is  usually  associated  with  lightning  pains 
and  various  other  sensory  disturbances.  It  is  probable,  there- 
fore, that  conduction  through  the  patellar -tendon  reflex  arc  is 
arrested  in  this  affection  in  the  afferent  fibres  towards  their 
insertion  into  the  posterior  grey  horns  of  the  cord,  the  exact 
locality  being  the  internal  bundle  of  the  posterior  root,  or  what 
Charcot  calls  the  inner  radicular  fasciculus  (Fig.  11,  p'r). 
Senator,  however,  found  that  in  the  hare,  although  section  of 
the  cord  opposite  the  fifth  and  sixth  lumbar  vertebne  arrested 
the  reflex,  yet  neither  section  of  the  posterior  columns,  posterior  fl 
horns,  nor  anterior  horns  in  this  locality  had  any  influence  upon 
it.  On  the  other  hand,  the  reflex  was  arrested  by  section  of  the 
lateral  columns  and  the  adj  oining  grey  substance.  It  is  therefore 
probable  that  the  afferent  fibres  of  this  reflex  arc  pass  into  the 
posterior  grey  horn  in  the  hare  in  the  external,  instead  of  the  ^ 
internal  bundle  of  the  posterior  roots  as  in  man.  The  frequency  I 
with  which  the  knee  phenomenon  is  absent  in  cases  of  locomotor 
ataxy  affords  a  strong  corroboration  of  the  theory  of  the  reflex 
origin  of  the  phenomenon  ;  and  another  curious  observation  has 
been  made  by  Erb  which  gives  further  confirmation  to  this 
opinion,  if  any  further  were  needed.  He  has  shown  that  in 
those  cases  in  which  the  patellar- tendon  reflex  is  completely 
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abolished  a  slight  contraction  of  the  quadriceps  fcmoris  may 
still  be  obtained  by  dealing  a  smart  blow  across  the  middle  of 
the  muscle  with  the  edge  of  the  extended  hand,  showing  that 
the  mechanical  contractility  of  the  muscle  is  retained,  although 
the  reflex  is  abolished. 

Fio.  11. 


„  11.  ■Mrttoit  o/  Spiiml  Cord  from  tk<  middlt  of  the  Lumbar  Enlargmenl.— 
A,  P,  Anterior  and  Poeterior  Grey  Comaa  respectively ;  ig,  SabatantU 
6«latii>n*a ;  ct.  Central  Canal ;  ae,  pe,  Anterior  and  Poeterior  Cominianir«a 
fWpeotlToly ;  0,  Column  of  GoU ;  pr,  Posterior  Root  Zone  ;  p,  Poeterior 
Boot ;  p'r.  Internal  liadicalar  Faacicuitu ;  a,  a,  a.  Anterior  Roota  ;  ar,  or', 
AaUrior  Boot  Zoae  ;  fr,  Formatio  Keticularii ;  pt.  Pyramidal  Tract. 
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The  posterior  roots  of  the  nerves  are  also  not  unfrequently 
impHcated  in  cases  of  spinal  meningitis,  and  in  a  case  of  tbe 
kind  under  my  care  at  present,  attended  by  shooting  pains  but 
without  distinct  diminutioa  of  any  form  of  sensibility,  both  the 
superficial  and  deep  reflexes  are  completely  absent  in  the  lower 
extremities;  while  the  absence  of  muscular  atrophy,  of  any 
decided  loss  of  faradic  and  galvanic  contractility,  and  of  the  re- 
action of  degeneration,  shows  that  neither  the  anterior  roots  nor 
the  anterior  grey  horns  are  decidedly  implicated  in  the  disease. 

(2)  The  patellar- tendon  reflex  is  also  abolished  in  diseases  of 
the  anterior  grey  horns  (Fig.  11,  A),  attended  with  muscular 
atrophy,  and  no  doubt  also  in  disease  of  the  efferent  fibres 
of  the  anterior  roots  (Fig,  11,  a,  a,  a)  and  of  the  crural  nerve. 
This  reflex  is  absent,  for  instance,  in  infantile  paralysis,  impli- 
cating the  quadriceps  muscle,  and  in  the  more  or  less  advanced 
stages  of  pseudo-hypertrophic  paralysis. 

(3)  It  is  not  necessary  that  disease  of  the  grey  substance 
should  be  a  permanent  one  in  order  to  dimioiah  the  activity  of 
the  patellar-tendon  reflex.  Large  doses  of  bromide  of  potassiam 
lower  the  irritability  of  the  grey  substance  of  the  cord,  and  so, 
according  to  Berger,  do  large  doses  of  opium,  and  free  adminis- 
tration of  these  agents  diminish  the  activity  of  the  tendon-reflex. 

(4)  Increase  of  cerebral  Influence  on  the  grey  substance  of 
the  spinal  cord  should  diminish  the  activity  of  this  as  of  other 
reflexes.  This  reflex  can  undoubtedly  be  arrested  by  a  volun- 
tary effort;  and  during  the  convulsive  stage  of  an  epileptic 
attack,  which  is  caused  by  an  excessive  cortical  discharge,  I 
have  found  that  not  the  slighest  effect  could  be  produced  on 
tlie  contractions  of  the  quadriceps  by  striking  its  tendon.  This 
observation  is  of  course  of  very  little  consequence,  but  it  is 
mentioned  because  the  converse  statement  that  the  reflex  is 
increased  by  dimioutiou  of  cerebral  influence  on  the  cord  is  of 
such  very  great  importance. 

§  79.  Diseased  conditicms  in  which  (lie  Patellar-tendon 
Rejiex  is  exagijerated. — (1)  As  already  remarked,  whatever  in- 
creases the  irritability  of  the  reflex  loop  concerned  in  the  reac- 
tion, or  diminishes  tbe  cerebral  influence  on  the  spinal  cord, 
increases  the  activity  of  this  reflex.     It  is  probable  that  irrita- 
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lion  of  tbe  peripheral  terminations  of  both  the  afferent  and 
efferent  nerve  fibres  will  increase  the  activity  of  the  reaction, 
although  no  cmcial  examples  of  the  kind  have  as  yet  been 
describefl.  When,  however,  the  irritability  of  the  muscular 
fibres  themselves  is  increased,  as  in  phthisis  and  other  ex- 
hausting diseases,  the  tendinous  reflexes  are  much  more  readily 
induced  than  iu  health. 

(2)  Irritation  of  the  posterior  roots  of  the  nerves  probably  also 
increases  the  tendinous  reflexes ;  but  direct  evidence  upon  this 
point  is  wanting  as  yet.  We  have  seen  that  the  patellar- 
tendon  reflex  is  usually  absent  in  an  early  stage  of  locomotor 
Ktazj ;  but  it  is  worth  while  to  observe  closely  whether  the 
abolition  of  the  reflex  may  not  be  preceded  by  a  transitory 
period  of  exaggerated  reaction,  just  as  aniesthesia  is  often  pre- 
ceded by  hyperae.stbesia.  In  a  case  under  my  care  at  present 
there  are  distinct  ataxic  symptoms  along  with  excess  of  the 
patelLar-tendon  reaction  ;  but  it  would  be  hazardous  as  yet  to 
declare  that  the  case  is  one  of  true  locomotor  ataxy.  There 
can  be  no  doubt  that  this  reflex  does  occasionally  persist  in 
genuine  cases  of  locomotor  ataxy,  although  I  am  not  aware 
that  it  has  ever  been  described  as  exaggerated. 

(3)  Increased  irritability  of  the  grey  substance  of  the  spinal 
cord  is  attended  with  increase  of  the  patellar-tendon  reflex ; 
hence  the  activity  of  the  reaction  is  increased  by  the  adminis- 
tration of  strychnia.  It  is  also  very  probable  that  it  may  be 
foand  increased  in  the  early  stages  of  acute  diseases  affecting 
the  grey  substance  of  the  cord,  such  as  tetanus,  hydrophobia, 
aad  acute  central  myelitis  ;  but  I  have  not  had  an  opportunity 
of  testing  this  supposition  since  my  attention  was  drawn  to  it 

(i)  By  far  the  most  important  condition,  under  which  excess 
of  patellar-tendon  reflex  occurs,  is  that  in  which  tbe  cerebral 
influence  is  withdrawn  from  the  spinal  cord  by  disease  of  some 
portion  of  the  pyramidal  tract.  The  effect  on  this  reaction  is 
tbe  same,  no  matter  where  the  disease  of  the  pyramidal  tract  is 
situated,  whether  at  the  origin  of  these  fibres  in  the  cortex  of 
the  brain,  in  their  passage  through  the  corona  radiata,  internal 
capsule,  pons,  medulla  oblongata,  or  in  the  spinal  cord  itself 
{Fiy.  \l,  pt).  Tbe  only  condition  necessary  for  the  subse- 
quent development  of  the  exaggerated  reaction  is,  that  con- 
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duction  through  the  fibres  of  the  tract  be  interrupted  in  anj 
part  of  their  course.  But,  although  withdrawal  of  the  cere- 
bral influence  from  the  lumbar  portion  of  the  cord  is  the 
necessary  antecedent  of  the  exaggerated  reaction  of  the 
patellar-tendon  reflex,  it  would  appear  that  some  other 
changes  must  take  place  before  its  activity  is  fully  developed 
When  the  fibres  of  the  pyramidal  tract  are  ruptured  in  the 
internal  capsule  by  a  sudden  effusion  of  blood  into  the  lenticular 
nucleus,  hemiplegia  of  the  opposite  side  results ;  yet  the  exag- 
geration of  the  patellar-teodon  reflex  does  not  become  manifest 
until  from  eight  to  fourteen  days  after  the  attack.  It  is  now 
well  known  that  the  fibres  of  the  pyramidal  tract  below  the 
point  of  rupture  undergo  a  descending  degeneration,  a  process 
which  occupies  a  period  of  from  one  to  two  months.  Closely 
associated  with  the  completion  of  this  process,  at  least  with 
respect  to  time,  is  the  occurrence  of  increased  tcnaion  in  the 
paralysed  muscles,  giving  rise  to  the  contracture  already 
descriljed,  and  constituting  what  has  been  described  as  the  lat« 
rigidity  of  hemiplegic  limbs.  Without  waiting  to  enquire  into  i 
the  cause  of  late  rigidity  it  is  probable  that  when  it  is  once  ■ 
established  the  peripheral  terminations  of  both  the  afferent  and  ' 
efferent  fibres  are  maintained  in  a  constant  state  of  irritation  by 
the  continuous  muscular  tension,  and  that  this  condition  adds 
to  the  irritability  of  the  reflex  arc  already  in  excess  from  arrest 
of  the  inhibitory  action  of  the  brain  on  the  cord.  One  forcible 
objection  may  be  urged  against  this  view.  Although  exaggera- 
tion of  the  patellar-tendon  reflex  and  increased  muscular 
tension  are  undoubtedly  closely  associated,  yet  the  former 
manifests  itself  unmistakably  in  hemiplegic  limbs  in  from 
eight  to  fourteen  days,  while  the  latter  is  not  established  in  leas 
than  from  one  to  two  months  from  the  date  of  the  apoplectic 
attack.  Therefore  neither  the  arrest  of  cerebral  influence,  nor 
the  occurrence  of  muscular  tension,  nor  both  combined,  will 
fully  account  for  the  presence  of  exaggerated  patellar-tendon 
reflex  in  disease  of  the  pyramidal  tract ;  hence  some  factor  in 
its  production  must  for  the  present  remain  undetermined.  The 
great  fact  which  concerns  us  is  the  invariable  presence  of 
exaggerated  patellar-tendon  reflex  in  diseases  of  the  pyramidal 
tract,  provided  that  the  spinal  centre  of  the  anterior  crural 
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nerve  be  severed  from  the  cortex,  and  the  occurrence  of  the 

»pheDomenon  be  not  prevented  by  disease  of  the  reflex  arc 
itself.  When  disease  of  the  pyramidal  tracts  becomes  associated 
with  locomotor  ataxy,  for  instance,  the  patellar-tendon  reflex 
remains  as  a  rule  absent  (Westphal).  I  have  found  it  also  com- 
pletely abolished  in  both  legs  in  a  case  of  meningo-myelitia  in 
which  the  presence  of  paralysis  and  muscular  tension  showed 
that  the  pyramidal  tracts  were  diseased,  while  the  absence  of 
atrophy  and  the  maintenance  of  the  faradic  and  galvanic  con- 
tractility in  both  muscles  and  nerves  showed  that  the  grey 
matter  was  not  affected. 

When  the  reflex  is  exaggerated  the  slightest  tap  on  the  tendon 

induces  an  energetic  contraction  of  the  quadriceps  muscle,  and 

by  repeating  the  blows  in  quick  succession  the  contractions 

occur  so  close  upon  each  other,  and  the  interval  of  relaxation  is 

fo  reduced,  that  the  muscle  is  maintained  in  a  state  of  almost 

tetanic  contraction.     Dr.  Qowers  has  observed  in  cases  where 

the  reflex  is  much  exaggerated  that  a  single  blow  is  followed  by 

a  iiiceession  of  contractions  and  relaxations  similar  to  the  ankle 

clonus,  to  be  hereafter  described,  with  this  important  difference, 

that,  whereas  six  or  seven  contractions  occur  within  a  second  of 

time  in  the  latter,  only  about  two  and  a  half  of  the  quadriceps 

take  place  in  that  time. 

^^     Hitherto  I  have  only  spoken  of  the  patellar-tendon  reflex, 

^B  bat  similar  reactions  may  be  obtained  by  striking  the  stretched 

^■teadons  of  other  muscles.    But  inasmuch  as  no  other  muscle 

^f  betides  the  quadriceps  femoris,  not  even   the  triceps   in  the 

V  npper  extremity,  lends  itself  so  readily  to  the  demonstration 

of  this  reaction  in  health,  so  in  no  other  muscle  does  the  absence 

»of  the  reaction  afford  such  a  valuable  diagnostic  sign.  Exagge- 
ration of  this  reaction  in  other  muscles  is,  hawever,  as  significant 
of  disease  as  when  it  occurs  in  the  quadriceps.  In  disease  of 
the  pyramidal  tract,  for  instance,  in  which  the  spinal  centres  of 
^—  the  upper  extremity  are  cut  off  from  cerebral  influence,  contrac- 
^^ions  may  be  obtained  from  the  triceps  by  striking  its  tendon 
when  the  forearm  is  flexed  at  right  angles  to  the  arm,  and  from 

kthe  muscles  which  move  the  fingers,  by  striking  their  tendons 
with  the  edge  of  the  large  end  of  the  stethoscope  as  they  become 
■operficial  at  the  wrist  and  back  of  the  band. 
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§  80. — Ankle  Clonus,  Achillea -Tendon  Reflex,  or   Ankle 
Reflex,  consists  of  a  rliythmical  clonic  spasm,  which  can  be  ob- 
tained under  certain  circumstances  at  the  ankle-joint     Unlike 
the  patellar-tendon  reflex,  the  ankle  reflex  is  not  a  phenomenon 
■which  can  be  readily  induced  in  typically  healthy  individuals. 
The  conditions  necessary  for  the  production  of  this  reaction  can, 
however,  by  a  little  preparation,  be  cultivated  in  most  healthy 
people.    If,  for  instance,  a  healthy  individual  sit  on  the  edge  of     , 
a  chair,  with  the  leg  forming  an  acute  angle  with  the  thigh,  thefl 
heel  raised  from  the  ground  and  the  foot  resting  on  the  ball  of  H 
the  big  toe,  so  that  the  gastrocnemius  is  stretched ;  and  if  the 
top  of  the  knee  be  now  dealt  a  smart  blow  with  the  palm  of  the 
hand,  the  tension  of  the  gastrocnemius  is  suddenly  increased, 
but  no  perceptible  reaction  ensues  in  healthy  individuals.     But 
if  rhythmic  contractions  of  the  gastrocnemius  be  originated 
voluntarily,  imitating,  for  instance,  the  movements  made  when 
an  infant  is  dandled  on  the  knee,  it  will  soon  be  apparent  that 
these  rhythmic  contractions  are  continued  independently  of  the 
will,  and  require  indeed  a  distinct  eS'ort  of  the  will  to  arrest^ 
them.  ™ 

The  neuro-muscular  apparatus  engaged  in  the  production  of 
this  movement  has  now  been  sCTiaitized ;  and  a  slight  tap  on  the 
top  of  the  knee  is  immediately  followed,  quite  independently  of 
any  voluntary  elfurt,  by  clonic  contractions  of  the  gastrocnemius, 
and  consequent  elevations  and  depressions  of  the  heel  and  knee. 
The  occurrence  of  clonic  contractions  of  the  gastrocnemius  in 
this  posture  has  been  observed  by  Dr.  Buzzard  and  Dr.  Gowers, 
and  the  latter  has  by  the  application  of  the  graphic  method 
proved  that  so  long  a.s  the  movement  continues,  between  six  and 
seven  contractions  of  the  gastrocnemius  take  place  in  a  second 
of  time,  each  contraction  being  of  course  followed  by  a  distinct 
relaxation. 

Such,  then,  is  the  ankle  clonus,  as  it  appears  by  cultivation 
in  healthy  subjects ;  but  the  neuro-muscular  mechanism  which 
produces  it  is  sensitized  by  certain  diseases  to  such  an  extent  as 
to  render  any  preliminary  cultivation  unnecessary  to  its  produc- 
tion. The  ankle  clonus  becomes  developed  to  a  high  degree 
under  the  same  circumstances  as  those  in  which  the  patellar- 
tendon  reflex  is  exaggerated  ;  the  disease  in  which  it  is  of  the  , 


J 


IXOIVIOUAL  MOTOR  MECHANISMS. 


151 


ueat  diagnostic  value  being  scIerosU  of  the  pyramidal  tract 
jr  Lateral  sclerosis.    Under  these  circumstances  the  reaction  can 
most  readily  obtained  if  the  operator  will  grasp  the  heel  of 
'the  patient  with  his  left   hand,  the   knee-joint  being  nearly 
but  not  quite  extended,  while  with  the  right  hand  he  produces 
dorsal  flexion  of  the  foot  by  pressing  against  the  ball  of  the 
great  toe,  and  thus  rendering  tense  the  tendo-Achilles.     If  the 
pressure  on  the  latter  be  somewhat  suddenly  made,  the  gastro- 
cnemias  almost  immediately  contracts  and  the  toe  is  depressed ; 
Hihis  is  followed  by  relaxation ;  and  the  pressure  of  the  band 
^■being  still  continued  the  toe  is  elevated,  and  a  second  con- 
Btraction  ensues  with  consequent  depression  of  the  toe ;  and  so 
the   contractions  and  relaxations   are  continued  in  rhythmic 
Requence  so  long  as  the  tension  of  the  tendo- Achilles  is  main- 
tained.    This  series  of  rhythmic  contractions  constitutes  the 
ankle  clonus.     Two  or  three  weak  contractions  generally  occur 
after  the  pressure  of  the  hand  on  the  ball  of  the  toe  is  with- 
1      drawn,  but  the  contractions  cease  instantly  if  passive  extension 
Hof  the  foot  is  produced,  so  that  the  Achilles-tendon  is  com- 
pletely relaxed. 


KiMdil 


If  the  pressura  on  the  ball  of  the  great  toe  is  very  gradually  and 

m^applied,  the  Achillea-tendon  may  be  rendered  tenae  without  any  coii- 

llnciiou  being  caused ;  but,  under  these  circumstances,  a  slight  tap  on  the 

taodoo,  or  even  ou  the  muscle  itself,  initiates  the  clonus,  which,  being 

ODiM  atuted,  endures  as  long  as  the  prejt^ure  is  maiutaineiL     Dr.  Gawers 

bM  sbovn  tb%t  a  single  isolated  contractioa  of  the  gastrocnemius  may  also 

be  let  up,  the  Achilles-tendon  being  previously  rendered  tense,  by  a  gentle 

t«p  over  thetibialisanticusor  adjacent  muscle;  and  he  proposes  to  call  this 

^Kpbiooi&enon  the  "  front  tap  contraction."  He  thinks  that  the  contraction  is 

^Biodnoed  by  the  vibrations  transmitted  through  the  anterior  muscles  of  the  leg 

^Paad  the  inter-muscular  septum  acting  upon  the  tense  fibres  of  the  soleus 

H   and  gMtrocoemius.    But  this  opinion  leads  us  to  ask  whether  the  ankle 

pbeuoueDon  is  like  the  knee  phenomenon  of  the  nature  of  a  true  spinal 

rvflex.   Dr.  Oowers  thinks  that  it  is  not.    lie  found,  for  instance,  that  the 

interval  between  the  tap  on  the  stretched  Achilles-tendon  and  the  com- 

nwacwment  of  the  resulting  contraction  varied  from  °025  to  -01  of  a  second ; 

wblla  the  corresponding  interval  in  the  case  of  the  knee  phenomenon  was 

'10  to  '11  of  a  aecond,  so  that  the  relative  lengths  of  the  two  periods  is  a.^ 

4  to  10.    We  have  already  mentioned  Dr,  Qowera'  observation  that  only  2^ 

cootractiooa  of  the  quadriceps  muscle  occur  in  a  second  in  those  cases  in 

which  something  approaching  to  a  knee  clonus  is  produced  ;  while  the 
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contractioDs  of  the  ankle  cloDua  amount  to  6  or  7  in  a  second.  These 
estimates  also  give  a  relationship  of  about  4  to  10  between  the  £r»queDcy 
of  the  two  contractions.  From  these  facts,  Dr.  Gowers  infers  that  ankle 
clonus  is  not  a  true  spinal  reflex  like  the  patellar-toudoa  reflex ;  uid 
certainly,  if  the  rarious  estimates  of  the  relative  lengths  between  the 
tap  on  the  two  tendons  and  the  resulting  contraction  are  to  be  relied  upon, 
uo  other  conclusion  appears  possible. 

There  can  be  no  doubt  that  aflerent  fibres  exist  in  the  muscles,  and 
just  as  little  that  passive  extension  of  the  muscle  will  irritate  the  peri- 
pheral terminations  of  these  fibres.  It  appears  probable  that  muscuUr 
action  is  governed  by  a  reflex  arc,  the  circuit  of  which  is  closed  by  a 
muscular  fibre,  and  it  is  not  difficult  to  imagine  that,  when  the  muscular 
fibres  are  rendered  tense,  the  afferent  portion  of  the  arc  is  placed  in  a  state 
of  irritation ;  and  that  the  impulses  generated,  on  being  reflected  by  the 
cord  through  the  efferent  portion  to  the  muscular  fibre,  induce  a  condition 
of  great  molecular  instability.  Under  these  circumstances  it  is  probable 
that  a  slight  vibration  passing  through  the  muscular  fibre  would  be  suf&cieot 
to  liberate  its  energy,  and  toca\ise  a  contraction.  Such  at  least  appeanto 
bo  the  opinion  advanced  by  Dr.  Qowers*  iu  the  very  careful  paper  to 
which  BO  frequent  allusion  has  been  made.  That  the  afl^ereut  fibres  of  the 
muscle  are  placed  iu  a  state  of  irritation  when  the  clonus  is  induced  in 
the  healthy  is  shown  by  the  fact  that  a  considerable  amount  of  teademess 
it  developed  in  the  muscles  of  the  calf,  which  lasts  for  a  consideraUa 
time  1  and  if  passive  extension  develops  such  a  molecular  sensitiveness  to 
liberation  of  energy  in  the  muscular  fibres  under  the  abnormal  circum- 
stances we  have  just  described,  a  Similar  relationship  doubtless  exists 
between  muscular  tension  and  the  liberation  of  energy  under  normal 
conditions,  which  must  aid  the  production  of  the  rhythmical  contractions 
of  the  muscles,  which  occur  in  ordinary  locomotion. 

One  great  objection  to  this  view  is  that,  although  the  interval  between 
the  tap  on  the  tendon  and  the  contractions  of  the  gastrocnemius,  as 
estimated  by  Dr.  Gowers  (-025  to  "054),  is  short,  yet  it  is  much  too  long  for 
the  latter  to  be  caused  by  direct  action  on  the  muscles.  The  vibration 
would  be  communicated  to  the  muscular  fibre  almost  at  the  time  that  the 
blow  is  struck  on  the  tendon,  and  we  have  seen  that  the  period  occupied 
in  producing  latent  changes  iu  the  muscles  prior  to  contraction  is  '01  of  a 
second,  so  that  it  would  be  im^iossible  to  account  on  this  supposition  for 
even  the  shortest  estimate  of  the  interval  between  the  tap  and  the  con- 
traction. Is  it  possible  that  the  contraction  of  the  gastrocnemius  is 
governed  by  a  double  reflex  arc,  the  superordinate  arc  having  its  centre  in 
the  cord,  and  the  subordinate  one  in  peripheral  intramuscular  ganglia?  It 
will,  however,  be  better  in  tha  meantime  to  leave  the  difficulty  where  it 
stands,  trusting  that  future  researches  will  afford  a  full  and  satisfactozy 
explanation  of  all  the  phenomena  presented  by  these  deep  reflexes. 

*A  Study  of  the  so-called  Tendon-Reflex  PbeDomens.  By  W.  K.  Gowtn. 
M.D.,  F.^CP.—itedico-Chirurg.  Traiuaetiotii,  voL  Uii,  18T9,  p.  269. 
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The  pntcticftl  point  to  notice  is  that  the  ankle  clonus  is  present  in  a 
mariced  degree  in  all  diseases  which  interrupt  the  continuity  of  the  fibres 
ci  the  pTraoiidal  tract,  and  may  even  api>ear  when  conduction  through 
these  fibres  is  arrested  for  a  prolonged  period,  even  although  their 
coutinnitj  may  remain  unimpaired. 


i     ist 


§  81.  Other  Forms  of  Clonus. — Although  the  ankle  clonus 
is  the  best  known  and  most  important  of  the  rhythmical  con- 
tnctioDs  obtained  by  suddenly  increasing  the  tension  of  tendons, 
H  is  by  no  means  the  only  instance  of  this  kind  which  may 
be  obtained.  Corresponding  movements  of  the  hand  may  be 
induced  in  cases  of  the  late  rigidity  of  hemiplegia  affecting 
the  upper  extremity,  by  grasping  the  tips  of  the  fingers  and 
pressing  the  hand  backwards  so  as  to  produce  hyperextension 
at  the  wrist 

A  Eimilar  movement  may  also  be  obtained  in  cases  of  in- 
creased tension  of  the  muscles  of  the  foot  by  producing  sudden 
paanve  extension  of  the  first  phalanx  of  the  toe,  the  toe  being 
tfaea  flexed  by  rhythmical  contractions  of  the  abductor  and 
flexor  brevis  pollicis  (Qowers).  Dr.  Gowers  also  describes  a 
Isteiml  ankle  clonus  caused  by  contraction  of  the  peronei,  and 
induced  by  passive  pressure  of  the  foot  inwards. 

§  82.  Periosteal  and  Fascial  Reflexes. — The  best  known 
of  the  muscular  contractions  included  under  this  heading 
are  the  contractions  of  the  quadriceps  femoris  induced  by 
gently  tapping  the  front  of  the  tibia  near  its  middle.  This 
reaction  can  generally  be  induced  when  the  patellar-tendon 
reflex  is  greatly  exaggerated.  That  the  quadriceps  contrac- 
tion ia  not  caused  by  a  jar  communicated  by  the  patellar- 
tendon  is  shown  by  the  fact  that  it  takes  place  when  the  leg  is 
extended  and  reposing  its  whole  length  on  the  bed,  and  conse- 
quently when  the  patellar-tendon  is  thoroughly  relaxed.  The 
tibial  tap  is  often  followed  by  a  contraction  of  the  quadriceps 
of  the  opposite  extremity,  when  the  pyramidal  tracts  of  both 
ndes  are  diseased.  I  have  also  observed,  under  these  circum- 
ttances,  the  tap  followed  by  an  energetic  contraction  of  the 
addoctois  of  the  opposite  leg. 

When  the  upper  extremity  is  the  subject  of  late  rigidity  a 
alight  tap  with  the  edge  of  the  stethoscope  on  the  lower  end  of 
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the  radius  is  followed  hj  contraction  of  the  biceps,  ami  a 
similar  tap  on  the  lower  end  of  the  ulna  by  contraction  of  the 
triceps.  That  these  contractions  do  not  necessarily  result  from 
the  sudden  flexion  or  extension  of  the  forearm  caused  by  the 
blow  is  evinced  by  the  fact  that  the  reactions  take  place  when 
the  forearm  is  supported,  so  that  both  flexion  and  extension  are 
prevented.  When  the  muscles  of  the  shoulder  and  forearm  are 
implicated  in  the  rigidity,  a  contraction  of  the  pectoralis  major, 
deltoid,  and  biceps  may  be  obtained  by  a  gentle  tap  on  the 
sternal  end  of  the  clavicle  ;  and  even  a  crossed  reaction  may 
be  obtained  by  a  tap  on  the  clavicle  of  the  opposite  side. 

A  considerable  number  of  the  muscles  of  the  scapula  and 
shoulder  contract  on  tapping  the  spine  of  the  scapula.  In  a 
case  of  advanced  phthisis  under  my  care  a  slight  tap  over 
the  costal  cartilage  of  the  third  rib  on  the  right  side  is  followed 
by  contractions  of  the  muscles  of  the  left  side  of  the  chest, 
and  extending  not  simply  over  the  pectoral  muscles,  but  as  far 
as  those  of  the  upper  arm  and  the  abdominal  muscles. 

Contractions  of  the  erector  muscles  of  the  spine  may  under 
certain  circumstances  be  induced  by  tapping  the  lumbar  fascia; 
and  in  a  case  of  rigidity  of  the  scapular  muscles  of  one  side 
subsequent  to  hemiplegia  at  present  under  my  observaUoa, 
the  slightest  tap  over  the  upper  dorsal  and  lower  cervical 
vertebra,  or  over  the  muscles  themselves,  is  followed  by  dis- 
tinct contraction  of  the  rhomboid  muscles  on  the  aflfected 
side,  while  no  reaction  of  this  kind  can  he  obtained  on  the 
healthy  side.  It  is  unnecessary  to  discuss  the  question  whether 
all  these  reactions  are  to  be  regarded  as  true  spinal  reflexes. 
It  will  suffice  at  present  to  observe  that,  with  the  exception  of 
the  contraction  of  the  pectoral  muscles  in  the  case  of  phthisis, 
the  other  reactions  are  obtained  under  analogous  circumstances 
to  those  in  which  the  patellar-tendon  reflex  is  exaggerated,  and 
consequently  often  aS"ord  valuable  aid  in  diagnosis. 

§  83.  Trepidation  of  Extremiiiea — Spinal  Epilepsy. — The 
paroxysms  of  violent  tremulous  movements  which  occur  in  the 
lower  extremities  in  certain  affections  of  the  spinal  cord,  and 
which  Brown-Sequard  named  Spinal  Epilepsy,  from  a  fancied 
similarity  to  an  epileptic  convulsion,  are  of  a  compound  nature. 
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These  paroxysms   occur  in  chronic    diseases   implicating   the 
pyramidal  tracts,  no  matter  whether  the  latter  are  primarily 
or  secondarily  attacked,  and  consequently  they  appear  under 
the  same  general  circumstances  as  exaggerated  patellar-tendon 
reflex  and  ankle  clonus.     The  tremulous  movements  indeed 
appear  to  be  caused  by  oombioed  contractions  induced  by 
stimulation  of  some  of  the   superficial  and   deep  reflexes  of 
the  extremities.     A  painful  cutaneous  impres.<<ion,  such  as  ie 
caused  by  pinching  a  portion  of  the  skin,  or  even  a  strong 
pinch  of  the  tendo- Achilles,  causes  reflex  contractions  of  the 
Tmascles  of  the  lower  extremities,  implicating  both  limbs.    The 
primary  contractions  appear  to   predominate   in  the   flexors, 
but  when  the  anterior  flexors  of  the  leg  contract  dorsal  flexion 
of  the  foot  is  produced,  which  in  its  turn  stretches  the  Achilles- 
tendon  and  causes  ankle  clonus ;  and  these  actions  and  reactions 
^^reverberating  for  a  time  through  all  the  muscles,  the  lower  ex- 
^■taiOiJlies  are  maintained  in  a  state  of  trepidation,  which  may  be 
^mPviolent  as  to  shake  the  bed  on  which  the  patient  reposes. 
This  tremor  may  be  provoked  not  only  by  a  painful  impression 
bat  by  the  voluntary  efforts  of  the  patient  to  raise  himself  in 
bed,  and  especially  by  all  attempts  at  locomotion.    The  most 
riolent  tremors  of  this  kind  which  I  ever  witnessed  was  in  the 
case  of  a  patient  suffering  from  primary  lateral  sclerosis.      The 
^attempts  of  the  patient  to  get  on  the  night  chair  were  attended 
^vwith  tremulous  movements  of  the  lower  extremities  so  strong 
^Htto  shake  hia  body  to  such  an  extent  that  he  had  to  grasp 
^HBrounding  objecta  firmly  with  both  hands  to  prevent  himself 
from  being  suddenly  thrown  on  the  floor. 

klf.  while  these  tremulous  movements  are  proceeding,  the  toes 
one  foot  be  grasped  by  the  hand  and  brought  suddenly  and 
irerfuUy  into  plantar  flexion,  the  muscles  immediately  relax 
and  the  tremors  cease  for  a  time. 


^ 


ELEMENTARY  AFFECTIONS  OF  THE   AUTOMATIC  MECHANISM 
OF  THE   MUSCLES    OF  EXTERNAL   RELATION. 

The  groups  of  symptoms  which  may  be  included  under  auto- 
malic  affections  of  the  muscles  of  external  relation  cannot  be 
diatinctly  separated  from  the  reflex  and  voluntary  affections  of 
those  muscles.    There  are,  however,  disturbances  of  muscular 
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adjustments,  in  which  both  the  simple  reflex  actions  of  Ihe 
spinal  cord,  the  sensory  mechanism,  and  the  efferent  or  toIoo- 
tary  nervous  mechanism  are  normal,  and  yet  in  which  complei 
muscular  adjustments  either  are  effected  in  spite  of  all  volun- 
tary efforts  to  prevent  them,  or  fail  to  be  effected  in  spite  of 
voluntary  efforts  to  accomplish  them.  It  is  such  movements 
as  these  which  are  meant  to  be  included  under  the  name  of 
Automatic  Kinesioneuroses  of  the  muscles  of  external  relation. 
These  movements  are  in  all  probability  co-ordinated  in  the 
cerebellum  and  basal  ganglia  of  the  cerebrum.  Motor  distur- 
bances of  this  nature  may  be  caused  by  disease  of  some  of  the 
nervous  centres  or  of  some  of  the  conducting  paths ;  but  the 
most  useful  and  practical  classification  is  that  which  divides 
them  into  affections  of  the  peripheral,  spinal,  or  encephalie 
apparatus. 

§  84.  Peripheiyil  Auto7natic  Disturbances. 

Disorder  of  Lahyrintkine  Impressions.  —  Disease  of  the 
peripheral  nerves  generally  involves  either  the  sensory  or 
voluntary  motor  fibres,  or  both  together,  so  that  disorder  of 
muscular  co-ordination  becomes  thus  obscured  by  the  more  im- 
portant, or  at  least  more  prominent,  disorder  of  the  conscious 
muscular  adjustments.  It  would  appear,  however,  that  the 
seventh  pair  of  cranial  nerves  contains  afferent  fibres  which  are 
not  subservient  to  the  conduction  of  sensory  impressions,  and 
yet  disease  of  which  gives  rise  to  phenomena  of  motor  inco- 
ordination. 

When  the  horizontal  membranous  semicircular  canal  of  the 
internal  ear  is  cut  through  in  a  pigeon,  the  bird  is  observed 
to  be  coatinually  moving  its  head  from  side  to  side,  especially 
during  attempts  at  locomotion.  If  one  of  the  vertical  canals  be 
cut  through,  tho  movements  are  up  and  down  ;  and  the  condi- 
tion is  exaggerated  when  the  canals  of  both  sides  have  been 
operated  upon.  If  the  bird  be  thrown  into  the  air,  it  fluttere 
and  falls  down  in  a  helpless  and  confused  manner,  and  every 
movement  which  it  attempts  to  perform  is  disorderly  and  fails 
of  its  purpose.  The  want  of  co-ordination  is  not  due  to  loss  of 
auditory  sensations,  since  the  animal  can  hear  perfectly  well, 
although  similar  phenomena  may  also  be  caused  by  lesion  of 
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the  auditory  trunk,  section  of  which,  in  the  frog  and  mammals, 
produces  inco-ordination  of  movements.  Similar  symptoms 
are  also  observed  in  man  in  disease  of  the  semicircular  canals 
or  of  the  internal  ear ;  an  affection  which  will  be  subsequently 
described  as  Meniere's  disease. 


u 


§  85.  Spinal  Automatic  Disturhancea. — Ataxia  is  a  very 
characteristic  kind  of  motor  inco-ordination,  which  is  observed 
in  diseases  of  the  spinal  cord,  and  constitutes  the  most  pro- 
minent feature  of  locomotor  ataxia.  It  is  characterised  by  in- 
ability to  make  combined  or  complicated  movements  with 
certainty  and  precision,  and  in  advanced  cases  all  move- 
ments requiring  intricate  and  delicately-balanced  muscular 
adjustments  become  impossible.  The  motor  inco-ordination 
usually  presents  itself  in  the  most  marked  manner  during 
ttation  and  locoviotion.  When  the  patient  assumes  the  erect 
posture,  the  muscles  of  the  calves  of  the  legs,  those  of  the  front 
of  the  thigh,  and  the  erector-spinse,  nnay  be  observed  in  a  state 
of  strong  tonic  contraction.  Partly  in  consequence  of  these 
contractions,  and  partly  in  consequence  of  a  loss  of  harmony 
in  the  strengl)i  of  the  contractions  of  the  various  groups,  it  is 
necessary  for  the  patient,  even  in  the  early  stages  of  the  affec- 
tion, to  support  himself  by  the  aid  of  a  staff,  or  even  by  the  aid 
of  one  in  each  hand ;  while  to  prevent  the  body  being  dragged 
backwards  by  the  strong  contractions  of  the  erector-spiuaj,  it  is 
maintained  by  voluntary  effort  flexed  on  the  thighs. 

All  the  movements  required  in  walking  are  much  exaggerated 
in  this  affection.  In  order  to  advance  the  foot  which  is  about  to 
become  "  passive,"  the  pelvis  is  rotated  vertically  to  an  unusual 
extent  by  a  voluntary  contraction  of  the  abductors  of  the  oppo- 
site thigh ;  but  instead  of  the  various  segments  of  the  passive  leg 
being  now  flexed  upon  one  another,  so  as  to  admit  of  the  usual 
peaduium  movement  of  the  leg,  the  limb  is  projected  more  or 
leas  violently  forwards  or  forwards  and  outwards,  the  heel  being 
the  last  part  of  the  foot  which  leaves  the  ground,  and  when  the 
foot  is  again  placed  on  the  ground  the  heel  is  brought  down 
with  a  forcible  thump.  The  phenomena  differ  greatly  according 
to  the  degree  of  the  ataxia.  In  slight  cases  the  various  seg- 
ments of  the  passive  leg  may  be  slightly  flexed  on  one  another 
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during  the  forward  movement,  so  that  the  heel  may  even  be 
raised  off  the  ground  before  the  toe ;  but  even  in  slight  case* 
the  heel  ia  brought  down  to  the  ground  with  a  certain  degree 
of  force.  In  the  more  severe  cases  the  movements  of  the  legs 
are  exaggerated,  impulsive,  and  jerking,  often  made  in  a  wrong 
direction,  and  always  with  a  degree  of  force  quite  dispropor- 
tionate to  the  adjustment  to  be  effected.  The  want  of  harmony 
between  the  degrees  of  strength  of  the  various  muscular  con- 
tractions necessary  for  normal  locomotion  is  much  increased  when 
the  patient  endeavours  to  walk  in  the  dark,  or  closes  his  eyes. 
As  the  disease  advances  it  becomes  necessary  for  the  patient  to 
exercise  an  increased  control  with  his  eyes  over  the  roovements^M 
of  his  legs,  so  that  during  locomotion  the  eyes  are  kept" 
constantly  directed  to  the  ground.  During  the  whole  of  this  . 
time  there  is  no  loss  of  voluntary  power.  When  the  patientfl 
is  lying  down  he  can  perform  all  the  simple  movements  of  the  T! 
legs  with  ease,  and  probably  with  even  more  than  normal  force, 
since  the  muscular  masses  of  the  legs  are  not  unfrequently 
increased  in  size  in  the  earlier  stages  of  the  affection.  But  even 
in  the  recumbent  posture  the  patient  is  unable  to  perform  any 
complicated  movement.  If  he  is  asked,  for  instance,  to  toach 
an  object  with  the  toes,  the  mark  is  generally  missed.  In 
advanced  cases  this  uncertainty  extends  to  the  simple  move- 
ments, so  that  on  attempting  even  to  raise  the  leg  it  is  jerked 
hither  and  thither,  and  often  in  a  totally  different  direction 
to  the  one  intended. 

Locomotor  ataxia  is  caused  by  disease  of  the  posterior  columns  of  the 
apiaal  cord ;  aud  as  the  fibres  of  the  posterior  roota  of  the  nerves  mre 
iisually  implicated,  the  ataxic  Byroptoms  are  generally  associated  with 
various  seusory  disturbances,  aud  Home  authors  maiutain  that  the  motor 
inco-ordiuatioQ  is  due  to  disease  of  the  seasory  apparatus.  Against  thi* 
view,  it  is  urged  that  there  frequently  exists  a  great  disproportion  between 
the  intensity  of  the  sensory  disturbance  and  the  degree  of  ataxia ;  caaea 
being  recorded  in  which  the  ataxic  symptoms  were  well  marked,  whila 
the  sensory  disorders  were  slight  or  absent ;  while  other  cases  manifest 
severe  sensory  disorders,  probably  as  long  as  twenty  years  prior  to  the 
appearance  of  the  ataxia.  Other  authors  appear  to  attribute  the  ataxic 
symptoms  to  disease  of  the  cerebro-spinal  efferent  system,  which  causes 
an  abnormal  strength  of  nervous  impulses  to  be  sent  to  each  of  the 
muscles  engaged  in  effecting  complicated  muscular  adjustment.  My  own 
opinion,  however,  is  that  the  ataxic  symptoms  are  caused  by  disease  of  the. 
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orrebello-aSerent  conducting  patha  in  the  gpinal  cord.  The  undue  amount 
of  tonic  contraction  of  the  muscles  of  the  calf,  front  of  the  thigh,  and  of 
tbe  erector-»pina;,  in  the  early  stages  of  the  disease,  would  appear  to  indi- 
G*to  that  at  that  time  the  irrita1>ility  of  the  cerebello-aSerent  fibres  of  the 
eoid  is  increased  ;  while  in  the  later  stages  of  this  affection,  although 
Umtb  is  wo  cerebral  paralysis,  yet  there  ia  cerebellar  panilysis,  and  the 
conaequent  abolition  of  the  tonic  muscular  contractions  regulated  through 
tha  cerebellum,  overthrows  the  balance  of  the  delicate  muscular  adjust- 
ments tMceaaary  for  the  maintenance  of  the  erect  posture  and  for  loco- 
motion :  the  muscles  of  the  trunk  and  limbs  are  not  maintained  in  that 
state  of  balanced  and  continuous  contraction  which  will  enable  the  alter- 
nate contractions  regulated  through  the  cerebrum  to  act  efficiently  and 
bBrmouiously. 


Branch- Romberg  Symptom. — Another  symptotn  which  is 
doeelj  allied  to  ataxia  is  one  whicb,  from  tbe  observers  who 
wt  described  it,  is  often  called  tbe  Brauch-Romberg  symptom. 
If  a  patient  suffering  from  ataxy  be  made  to  stand  with 
the  feet  close  together  so  that  they  touch  along  the  whole 
leogtb  of  their  inner  margins,  and  if  the  patient  be  now  asked 
to  close  his  eyes,  he  immediately  begins  to  sway  from  side  to 
side ;  and  in  severe  cases  the  patient  totters,  and  would  instantly 
Ul  unless  be  open  his  eyes  or  be  supported.  This  symptom  is 
usually  associated  with  diminution  of  the  various  forms  of 
ibility  of  tbe  skin,  muscles,  and  joints,  and  some,  probably 
most,  authors  think  that  this  symptom  at  least  is  due  to  loss  of 
the  sensory  control  of  the  lower  extremities,  a  loss  which  may 
be  partly  supplied  by  the  use  of  the  eyes,  but  which  imme- 
diately leads  to  disorderly  muscular  contraction  when  the  eyes 
are  closed.  In  a  case  at  present  under  my  care,  however,  the 
•waying  movements  on  closing  tbe  eyes  are  extremely  well 
marked,  being  out  of  proportion  to  the  degree  of  ataxia,  yet 
sensory  disorders  are  almost  entirely  absent  in  the  lower 
extremities.  For  my  own  part  I  think  that  these  swaying 
movements  are  of  the  same  nature  as  the  ataxia,  and  that  the 
former  are  caused  by  disease  of  the  same  kind  of  fibres  as  the 
latter,  although  it  is  probable  that  the  individual  fibres  impli- 
cated in  both  instances  may  not  be  the  same,  since  the  swaying 
movement  and  ataxia  are  not  always  present  in  proportionate 
degree. 
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§86. — Encephalic  Automatic  Distiwbancts. 

Disease  or  injury  of  the  cerebellum  and  its  connection* 
gives  rise  to  the  most  pronounced  phenomena  of  motor  inco- 
ordination. Flourena  observed  that  when  a  small  portion  of 
the  cerebellum  was  removed  from  a  pigeon,  the  animal's  gait 
became  unsteady  and  disorderly ;  and  removal  of  the  whole 
organ  was  followed  by  a  total  loss  of  co-ordination.  Similar 
experiments  repeated  in  other  animals  have  led  to  essentially 
the  same  results ;  and  it  has  been  found  that  lateral  lesions 
and  incisions  produce  a  greater  result  than  median  incisions. 
Similar  motor  disturbances  have  been  observed  in  man  in 
tumours  and  other  le.sions  of  the  cerebellum. 

(1)  Reeling. — The  well-known  gait  of  a  drunken  man  is 
called  reeling.  It  consists  essentially,  as  Dr.  Hughlings  Jackson 
has  pointed  out,  of  swaying  of  the  trunk  from  back  to  front  and 
from  side  to  side;  and  depends  upon  paresis  of  the  tonic  con- 
tractions of  the  muscles  of  the  trunk,  which  maintain  the  erect 
posture.  "The  legs  act  erratically,"  says  Dr.  Hughlings  Jackson ; 
"  but,  in  an  early  stage,  they  are  blameless.  They  act  erratically 
because  they  have  to  run  after  the  trunk,  to  prop  it  up  in  its 
various  over-inclinings."* 

(■2j  Cerebellar  Rigiditi/. — This  form  of  rigidity  is   found 
associated  with  tumour  of  the  middle  lobe  of  the  cerebellum 
(Hughlings  Jackson).     The  spinal  muscles  are  first   affected, 
drawing  back  the  head  and  curving  the  spine,  but  after  a  time.^ 
the  legs  and  arms  become  rigid.  H 

Cerebellar  Tetanic  Seizures, — Tumour  of  the  middle  lobe  of 
the  cerebellum  also  gives  rise  to  attacks  of  tonicspasm  similar 
to  those  of  ordinary  surgical  tetanus.  Dr.  Hughlings  Jackson 
thinks  that  the  rigidity  in  cerebellar  disease  is  due  to  unan- 
tagonised  cerebral  influx  ;  being  thus  the  converse  of  the  late 
rigidity  of  hemiplegics,  the  latter  of  which,  he  thinks,  is  due  to 
unantagonised  cerebellar  influx.  The  tetanic  seizures  in  cere- 
bellar diseases,  Dr.  Jackaoo  thinks,  are  due  to  a  discharge  from 
the  cortex  of  the  cerebellum ;  J  ust  as  unilateral  epileptoid  seizures 
are  due  to  a  discharge  from  the  cortex  of  the  brain.  fl 

(3)   Vertigo  is  a  sensation  of  swimming  in  the  head,  during 
•  Tb«  Britiib  Medical  Journal,  Februuy  7,  1880,  p.  107. 
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which  surrounding  objects  appear  to  oscillate  before  the  eyes, 
or  to  rotate  in  a  definite  direction,  and  which  is  also  accom- 
panied by  a  sense  of  staggering  or  of  rotation  of  the  body. 
Vertigo  appears  to  be  the  subjective  correlative  of  loss  of  co- 
rdi nation  between  the  various  muscular  adjustments  necessary 
for  maintaining  certain  attitudes  in  space,  and  of  those  which 
are  active  in  determining  the  position  of  the  body  in  space, 
ertigo  is  a  prominent  symptom  of  the  diseases  in  which  the 
automatic  mechanism  for  maintaining  the  erect  posture  is 
deranged,  such  as  Meniere's  disease,  and  various  diseases  of  the 
cerebellum.     The  position  of  the  body  in  space  is  mainly  deter- 
mioed  by  the  association  of  objects  seen,  with  the  appreciation 
of  the  position  of  the  eyes  and  head.     Di.'^placement  of  the 
position  of  the  eyes,  such  as  occurs  in  paralysis  or  spasm  of  one 
or  more  of  the  recti  muscles ;  or  of  the  position  of  the  head,  in 
such  as  occurs  in  conjugate  deviation  of  the  head  and  eyes,  and 
the  compulsory  movements  about  to  be  described,  is  also  accom- 
panied   by  severe  vertigo.     This  symptom  frequently  attends 
viBceral  disease,  as  dyspepsia ;  and  it  is  then  probably  caused  by 
vaso-motor  changes  in  the  cerebral  circulation.    This  opinion  is 
rendered  all  the  more  probable  from  the  fact  that  vertigo  is  a 
troublesome  symptom  both  of  cerebral  anaemia  and  congestion. 
Venigo  being  a  subjective  sensation  should  properly  have  been 
^acribed  amongst  the  testhesioneuroses-,  but  its  true  character, 
M  the  subjective  correlative  of  disorder  of  various  automatic 
adjustments,  will  be  best  appreciated  by  describing  it  in  this  place. 
(4)  Compidaory  or  Forced  Movertients — Co-ordinoUe  Cramps. 
In  experimental  injury  to  various  parts  of  the  medulla,  pons, 
and  crura  cerebri,  what  are  described  as  forced  movements 
an  frequently  observed.      It  is  probable   that  in   many   of 
these  cases  one  or  other  of  the  peduncles  of  the  cerebellum 
ba>  been  injured.     One  of  the  most  common  forms  of  these 
movements  is   that  in   which    the    animal    rolls   round  the 
longitudinal  axis  of  its  own  body.     It  generally  results  from 
section  of  one  of  the  crura  cerebri  or  unilateral  section  of  the 
pons,  but  has  also  been  observed  after  injury  to  the  medulla 
oblongata  and  corpora  quadrigemina.     Another  form  is  that  in 
which  the  animal  continually  moves  round  and  round  in  a  circle, 
thia  circus  movement  being  executed  sometimes  towards  and 
L 
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sometimes  away  from  the  injured  side.  Phenomena  of  essen- 
tially the  same  character,  although  not  carried  to  the  same  ex- 
tent, are  observed  in  man  as  the  result  of  disease,  as,  for  example, 
what  will  be  afterwards  described  as  conjugate  deviation  of  the 
eyes  in  certain  cases  of  apoplexy.  In  another  form  of  forced 
movement  the  animal  rotates  round  the  transverse  axis  of  the 
body,  tumbling  head  over  heels  in  a  series  of  somersaults.  This 
variety  has  been  observed  after  injury  to  the  corpora  quadri- 
gemina  and  corpora  striata.  Nothnagel  has  found  that  after 
injection  of  chromic  acid  into  a  limited  portion  of  the  corpus 
striatum,  which  he  has  called  the  nodus  cu,raorivba,in  rabbits,  the 
animal  runs  in  a  straight  line  either  backwards  or  forwards  until 
stopped  by  an  obstacle.  It  will  be  observed  that  some  of  these 
forced  movements  occur  after  injuries  which  appear  limited  to  the 
cerebral  hemispheres;  but  it  must  be  remembered  that  con- 
ducting paths  must  exist  between  the  cerebellum  and  the  cortex 
of  the  cerebrum ;  and  it  is  very  probable  that  the  central 
lesion  in  these  cases  really  injures  these  conducting  paths.  It 
may  therefore  be  said  with  a  great  deal  of  probability  that  in 
many  forms  of  compulsory  movements,  in  reeling,  ataxia,  and 
other  symptoms  of  motor  inco-ordination,  it  is  the  cerebello- 
spinal mechanism  which  is  at  fault ;  and  that  the  functional 
disturbances  are  determined  primarily  by  disorders  of  the 
tonic  muscular  contraction  by  means  of  which  the  various 
attitudes  of  the  body  are  maintained.  fl 

Another  series  of  motor  disorders  appears  to  depend  upon  , 
disease  of  the  cerebro-spinal  system.  Amongst  these  may  be 
mentioned  the  peculiar  disturbances  of  locomotion  which  occur 
in  paralysis  agitans,  and  the  irregular  movements  of  chorea, 
and  various  other  disorderly  movements.  It  is  obvious  that 
the  pathology  of  these  motor  disturbances  cannot  be  satisfac- 
torily discussed  at  present,  and  must  be  referred  to  the  section 
devoted  to  the  special  diseases. 

87. — Synkinesis.  ^ 

Under  this  term  are  generally  included  certain  involuntary 
movements  of  paralysed  parts  ;  but  I  shall  extend  the  mean- 
ing of  the  word  so  as  to  include  also  certain  motor  anomalies 
which  occur  in  muscles  subject  to  spasm ;  and,  in  addition, 
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shall  include  certain  anomalous  movements  which  take  place 
in  the  muscles,  that,  in  health,  are  associated  in  their  actions 
with  those  primarily  affected.  There  is  certainly  nothing  in  the 
derivation  of  the  term  synkinesis  to  forhid  this  extension  of  its 
me&ning. 

§  88.  Associated  Movements  of  Paralysed  Parts. — In  facial 
paralysis  of  cerebral  origin,  the  muscles  of  the  paralysed  half  of 
the  face  may  occasionally  perform  the  movements  necessary  to 
^changes  of  expression  in  association  with  those  of  the  opposite 
V«ide;  although,  as  a  rule,  the  contrast  between  the  actions  of 
the  two  sides  is  rendered  all  the  more  evident  under  chaiiges  of 
expression.     In  cases  of  hemiplegia  automatic  movements  may 

•occur  in  the  paralysed  arm  when  the  patient  sneezes,  even  when 
he  is  quite  unable  to  move  the  arm  by  a  voluntary  effort ;  and 
under  the  influence  of  excitement  the  paralysed  extremities 
may  be  strongly  flexed,  while  the  unaffected  limbs  remain 
passive.  When  the  muscles  of  the  paralysed  side  have  become 
the  subject  of  permanent  contracture,  a  movement  about  to  be 
voluntarily  performed  by  the  unaffected  extremities  may 
be  initiated  by  contraction  of  the  corresponding  muscles  of 
the  opposite  side.  This  form  of  associated  movement  is  apt 
to  occur  when  the  hemiplegia  dates  from  childhood.  In  a  man 
at  present  under  my  care,  who  is  slowly  and  partially  recovering 
from  right  hemiplegia,  every  effort  to  grasp  my  hand  strongly 
with  bis  left  or  sound  hand  is  accompanied  by  flexion  of  the 
fingers  of  the  partially  paralysed  hand ;  and  conversely,  every 
effort  to  grasp  strongly  with  the  right  band  is  accompanied  by 
flexion  of  the  fingers  of  the  healthy  hand.  During  slighter 
efforts  both  the  paralysed  and  healthy  hand  can  be  separately 
closed  without  any  movement  occurring  in  the  other  hand.  In 
another  case  of  hemiplegia  of  old  date  under  my  observation, 
the  posterior  third  of  the  deltoid  of  the  left  side  is  in  a  state 
of  contracture,  and  the  upper  arm  is  directed  obliquely  out- 
wards and  backwards.  When  the  patient  is  at  rest  iu  the  erect 
posture  the  shortest  distance  between  the  elbow  and  the  side 
ia  five  inches ;  but  on  walking,  the  posterior  third  of  the  deltoid 
immediately  becomes  more  tense  and  prominent,  and  the  elbow 
ia  projected  another  inch  and  a  half  outwards  and  backwards, 
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the  distance  between  it  and  the  side  being  now  six  and  a  half 
inches. 

In  all  these  instances,  and  many  more  of  a  similar  kind 
which  might  be  related,  the  localisation  of  the  lesion  is  such  as 
to  interrupt  conduction,  either  totally  or  partially,  through  the 
pyramidal  tract,  either  in  the  course  of  the  fibres  or  at  their 
origin  in  the  cortex  of  the  brain ;  while  the  connection  of  the 
muscles  with  the  spinal  cord  is  unaffected.  In  this  form  of 
paralysis  the  redexes  often  manifest  increased  activity,  and  it  is 
also  probable  that  cutaneous  reflex  influences  may  be  conveyed 
from  the  sound  to  the  paralysed  side  through  commissural  fibres 
connecting  the  nerve  nuclei  of  the  two  sides  in  the  spinal  cord. 
But  it  is  equally  possible  that  automatic  impulses  from  the 
cerebellum  and  basal  ganglia,  and  even  cerebral  irapubes  from 
the  cortex  of  the  healthy  hemisphere,  may  find  their  way  to 
the  paralysed  limbs  through  these  commissural  fibres.  But 
the  whole  of  this  subject  will  be  better  understood  when  we 
describe  the  relative  immunity  from  paralysis  manifested  by 
some  muscles  in  comparison  with  others,  and  the  mechanism 
by  which  this  result  is  brought  about. 
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§  89.  Relative  immttmitTf  of  some  Muscles  from  Paralynt, 
and  tJieir  relative  liability  to  Convulsion  in  Cerebral  Diseaae. 
It  may  be  laid  down  as  a  general  proposition  that  the  muscles 
of  one  lateral  half  of  the  body  are  regulated  from  the  cerebral 
hemisphere  of  the  opposite  side,  and  that  when  the  connection 
between  the  muscles  of  one  side  of  the  body  and  the  cortex  of 
the  opposite  hemisphere  is  severed  paralysis  of  those  muscles 
will  result;  or,  in  other  words,  there  will  be  hemiplegia  of  the 
lateral  half  of  the  body  opposed  to  the  diseased  hemisphere 
This  rule  is,  however,  liable  to  many  exceptions,  and  it  is  these 
exceptions  which  give  the  key  to  the  interpretation  of  the 
motor  anomalies  which  I  have  grouped  under  the  name  af 
synkinesis. 

The  most  notable  exception  to  this  rule  is,  that  in  caaes  ^ 
hemiplegia  white  some  of  the  muscles  are  liable  to  be  completely 
paralysed  others  are  only  partially  paralysed,  while  some  mani- 
fest only  a  slight  degree  of  feebleness.  In  left  hemiplegia,  for 
instance,  the  muscles  of  the  extremities  may  be  completely 
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dysed ;  but  the  tniisclea  of  the  tnmk,  especially  those 
sgaged  in  carrying  on  respiration  and  other  automatic 
actions,  almost  entirely  escape.  Two  reasons  may  be  given 
for  this  variation  in  the  degree  of  paralysis.  In  the  first 
place  the  movements  of  respiration  are  well  organised,  they 
are  regulated  principally  from  the  medulla  oblongata,  and 
are  in  large  part  independent  of  cerebral  influence ;  while  the 
more  complicated  movements  of  the  extremities,  and  especially 
those  of  the  hand,  demand  a  relatively  larger  amount  of  volun- 
tary control.  The  spinal  nuclei  of  the  muscles  of  the  extremities 
most  be  therefore  connected  with  the  cortex  of  the  brain  by  a 
niDch  larger  number  of  fibres  than  are  the  respiratory  nuclei ; 
and  while  the  fibres  which  connect  the  latter  and  the  cortex 
belong  to  the  fundamental  system,  a  large  proportion  of  those 
which  connect  the  former  and  the  cortex  belong  to  the  accessory 

Hfeystem,  and  are  consequently  the  more  vulnerable  of  the  two. 

'The  relative  immunity  from  voluntary  paralysis  of  the  muscles 
supplied  by  the  upper  division  of  the  facial  nerve,  as  compared 
with  those  supplied  by  the  lower  division,  is  also  very  instructive 
in  this  respect.     In  hemiplegia  aflfecting  the  facial  nerve,  the 

(muscles  of  the  mouth  and  nose,  which  are  subservient  to  facial 
expression,  become  completely  paralysed  ;  while  the  orbicular 
muscle  of  the  eyelid  and  the  occipito  frontalis  muscles  are 
almost  entirely  unafiected.  Now  the  movements  of  the  muscles 
about  the  eyelids  are  well  organised  in  animals  and  in  the 

t child  at  birth  ;  the  most  important  of  these  are  reflex  in 
character,  such  as  closure  of  the  eyelids  on  irritation  of  the 
conjunctiva,  and  they  are  largely  independent  of  the  will;  con- 
sequently, relatively  few  fibres  are  necessary  to  connect  their 
nucleus  in  the  medulla  with  the  cortex  of  the  brain,  and  even 
these  fibres  must  belong  to  the  fundamental  system.  But 
the  movements  of  facial  expression  are  not  well  organised  in 
animals  or  in  the  child  at  birth,  while  in  the  adult  man  they 
are  largely  under  voluntary  control ;  hence  a  relatively  larger 
B  number  of  fibres  must  connect  their  nucleus  in  the  medulla 
with  the  cortex  of  the  brain,  and  a  large  proportion  of  these 
fii»<e«  must  belong  to  the  accessory  system.  It  may,  indeed,  be 
laid  down  as  a  general  rule  that  movements  which  are  well 
organised  in  the  human  infant  at  birth,  and  which  man  possesses 
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in  common  with  a  large  number  of  the  lower  animals,  are  repre- 
sented in  the  pyramidal  tract  by  comparatively  few  fibres.and  that 
tbeso  are  completely  developed  at  birth,  and  therefore  belong 
to  the  fundamental  system.  On  the  contrary,  the  nioveroenta 
which  are  acquired  by  man  after  birth,  and  which  differentiate 
him  from  the  lower  animals,  are  represented  in  the  pyramidal 
tract  by  a  relatively  large  number  of  fibres  that  either  do 
not  exist  at  birth  or  exist  only  in  a  rudimentary  condition,  and 
consequently  belong  to  the  accessory  system.  It  would 
appear,  therefore,  that  both  the  relatively  small  number  of  the 
fundamental  fibres  of  the  pyramidal  tract  and  their  better 
organisation  must  render  them  less  liable  to  disease  than  the 
accessory  fibres,  and  this  explains  to  some  extent  the  relative 
immunity  from  paralysis  of  those  muscles  which  are  engaged  in 
effecting  the  earlier  organised  movements  of  the  body.  fl 

But  the  second  reasou  for  the  relative  immunity  of  certain  " 
muscles  from  voluntary  paralysis  is  even  more  important  than 
the  first.  Dr.  Broadbent  was  the  first  to  draw  attention  to  the 
fact  that  the  muscles  which  remain  comparatively  unaffected 
by  paralysis  in  hemiplegia  are  those  which  are  associated  in 
their  actions  with  the  corresponding  muscles  of  the  opposite 
side,  as  the  muscles  of  respiration ;  while  the  muscles  which 
suffer  most  from  paralysis  are  those  which  are  engaged  in 
effecting  movements  which  are  quite  independent  of  the  move- 
ments of  the  opposite  side  of  the  body,  as  the  muscles  of  the 
hand.  Dr.  Broadbent  also  further  coujectured  that  the  muscles 
which  are  associated  with  corresponding  muscles  on  the  opposite 
side  in  their  action  are  innervated  from  both  cerebral  hemi- 
spheres, 80  that  severance  of  the  connection  between  the  spinal 
nuclei  of  these  muscles  and  the  cortex  of  one  hemisphere  still 
leaves  the  connection  with  the  cortex  of  the  other  hemisphere 
intact.  He  has  suggested  that  the  connection  with  the  two 
hemispheres  is  usually  affected  by  means  of  spinal  commis- 
sural fibres.  In  Fig.  12,  for  instance,  d',  representing  the  spinal 
nuclei  of  the  dorsal  nerves  of  the  left  aide,  is  connected  with  the 
cortex  of  the  opposite  side  by  fibres  (5  5)  which  ascend  in  the 
pyramidal  tract;  but  d,  the  spinal  nuclei  of  the  right  dorsal 
nerves,  is  not  only  connected  with  the  cortex  of  the  opposite,  but 

the  commissural 


also  with  that  of  the  same  side  through  c" 
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fibres  which  connect  the  two 
spinal  nuclei   Suppose  now 
that  the  fibre  5'  5'  is  rup- 
tured, and  the  nucleus  d  is 
thus  severed  from  the  cortex 
of  the  opposite  hemisphere, 
which   usually  controls   its 
function,  it  can  still  obtain 
impulses  from  the  cortex  of 
the  same  side  through  5  5, 
d',  and  c".    When,  however, 
the  muscles  of  opposite  sides 
act  independently  of  each 
other,  such  as  those  of  the 
right  and  left  hands,  com- 
missural fibresare  not  estab- 
lished between  their  nerve 
nuclei     In  the  nucleus  (a) 
of  the  right  upper  extremity, 
as  represented  in  the  figure, 
rupture  of  fibre  6'  severs  the 
connection  with  the  cortex 
of  the  opposite  side,  and  no 
channel  is    established   by 
means  of  which  it  can  obtain 
impulses  from  the  cortex  on 
thesameaide.  Dr.Broadbent 
has  happily  called  this  prin- 


ce, C'j  cortex  of  right  and  left  cerebral  hemiifberea  regpeclively ;  1,  2, 
3,  i,  5,  6,  fibres  nf  the  pyramidal  tract  noiting  C,  the  cortex  of  the  right 
beittuphrre,  and  r',  e'r,  t^,  a ,  tf,  V,  the  reipective  ipinal  naclei  of  the  internal 
ttetnt,  and  the  external  rectus  niuaclee  of  the  eye,  the  muBcle*  of  articulation 
and  TOOaliMtion,  thnae  of  the  upiier  extremity,  the  dorsal  muiclea,  and  thoaa 
of  th"  tiiw^r  extremity,  all  of  the  left  side;  1',  2",  3',  4',  5',  6',   librea  of  the 


\s:: 


.  connecting  the  cortex  of  the  left  hemisphere  with  r,  er,  t;  a,  d,  I, 
i  of  the  right  side  correxpouding  to  those  already  enumerated 


"xle  :  c,  c,  fibres  of  the  corpus  calloaum  uniting  identical  regions  of 

■       the       ■     "         " 


<m  l^e  Jrll  I         .  .,   ..   ^_. 

lk«  Iwo  bemispheres ;  d,  commissural  fibre*  connecting  t)ie  spinal  nucleua  o( 
tka  internal  iHotas  muscle  of  one  eye  with  that  uf  the  external  rectus  muscle  of 
th*  ■ "  ,  <•',  those  connecting  the  spinal  nuclei  nf  the  mnaeles  of  vocalisa- 

tion ition  of  the  two  sides;  c"',  those  connecting  the  special  naclei 

*t  the  miiti'iin  of  the  trunk  ;  f",  those  connecting  the  spinal  nuclei  of  the 
IMNaior  etlremity  of  one  side  with  ttie  anterior  extremity  gf  the  opiMisite  sida. 
Xb>  anowa  indicate  the  direction  of  the  conduction. 
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ciple  the  "  bilateral  association  of  tlie  Tierve  nuclei  of  muadm 
bUaterally  associated  in  their  actions." 

The  effect  which  this  bilateral  fusion  of  the  spinal  nerve  nuclei 
of  various  nerves  produces  in  certain  spasmodic  affections  is  as 
striking  as  that  produced  by  it  in  hemiplegia.  In  unilateral 
chorea,  for  instance,  while  the  spasmodic  action  is  limited  to 
one  side  in  the  extremities  and  lower  muscles  of  the  face,  it 
extends  to  the  muscles  of  both  sides  of  the  trunk  and  of  the 
eyelids  and  eyebrows,  these  being  muscles  which  are  habitually 
associated  in  their  actions.  This  rule  is  also  true  with  respect 
to  other  forms  of  convulsion,  so  that  in  heTnispagm  the  muscles 
which  are  habitually  associated  in  their  actions  are  affected 
on  both  sides  ;  while  in  hemipUgia  these  muscles  are  com- 
paratively preserved  from  paralysis.  The  reason  of  this  is  so 
plain  that  it  is  scarcely  necessary  to  add  another  word  by  way 
of  explanation.  Suppose  that  excessive  impulses  are  sent  down 
from  the  cortex  of  the  brain  through  the  fibres  C  and  5',  the 
former  will  reach  ft  and  pass  out  through  hn  to  the  muscles  of 
the  arm  on  the  opposite  side ;  while  tlie  latter  will  reach  d  and 
pass  both  through  t/jiand  c",  d',  and  dn  to  reach  the  muscles  of 
the  trunk  on  both  sides.  But  the  muscles  which  are  habitually 
associated  in  their  actions  are  not  always  symmetrically  placed 
on  the  two  sides  of  the  organism,  nor  are  their  actions  always 
analogous.  It  is  only  necessary  that  their  actions  should  concur 
to  produce  a  definite  result ;  and  the  commissural  fibres  often 
connect,  not  two  nerve  nuclei  on  the  same  spinal  level,  but 
nuclei  at  different  levels,  thus  forming  an  oblique  crossed 
connection  as  in  {Fig.  12,  c*). 


i 


§  90.  Conjugate  Deviation  of  tfis  Eyes,  and  Rotation  of  the 
Head  aTid  Neck. — The  actions  of  the  external  rectus  of  one  eye 
and  of  the  internal  of  the  other  is  a  good  example  of  muscles 
having  quite  opposite  actions  and  yet  concurring  to  produce  a 
harmonious  result  It  is  evident  that  if  commissural  connections 
exist  anywhere  they  must  exist  between  the  nucleus  of  the  sixth 
nerve  of  one  side  and  the  portion  of  the  nucleus  of  the  third 
nerve  which  presides  over  the  action  of  the  internal  rectus  of  the 
opposite  eye ;  and  as  these  nuclei  are  placed  at  different  levels 
in  the  pons  and  crura,  the  connection  between  them  must  be 
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I  oblique  and  crossed.  In  Fig.  12,  let  r  and  r'  represent  respec- 
p$iv^  tbe  nucleus  of  the  portion  of  the  third  nerves  (3n  and 
ten')  supplied  to  the  right  and  left  internal  recti,  and  cr  and  er' 
he  respectively  the  nuclei  of  the  right  and  left  sixth  nerves 
(Gn  and  6n');  while  c'  represents  the  crossing  of  the  com- 
missural fibres.  Tbe  external  rectus  of  one  eye  and  the 
internal  of  the  other  eye  acting  simultaneously  rotate  both 
eyes  so  as  to  direct  the  axes  of  vision  to  lateral  objects.  When 
the  object  is  placed  to  the  right  it  is  manifest  that  the  right 
eye  is  in  a  better  position  to  catch  the  first  glimpse  of  it, 
hence  the  external  rectus  which  rotates  the  right  eye  outwards 
takes  the  lead  in  the  action  (Broadbent).  But  the  internal 
rectus  of  the  opposite  side  rotates  at  the  same  time  the  left 
eye  inwards;  and  to  effect  this  movement  it  will  be  a  clear 
gain  of  time,  aa  well  a.s  economy  of  force,  if  it  were  to  receive 
tte  impulses  to  action  through  the  short  commissural  fibres 
whichcounect  the  two  nuclei,  and  not  from  the  cortex  of  the 
cerebrum  of  the  opposite  side.  When,  therefore,  the  eyes  are 
directed  by  a  voluntary  effort  to  the  right,  the  impulse  to  action 
may  be  supposed  to  come  from  the  cortex  of  the  brain  (C  )  on 

^xhe  opposite  side,  to  pass  out  through  the  fibres  (2')  of  the 
pyramidal  tract  which  connect  the  cortex  with  the  nucleus  of  the 
sixlb  nerve  (er),  and  then  to  pass  on  through  the  commissural 
fibres  (c )  to  tbe  part  of  the  nucleus  (r)  of  the  opposite  third 
nerve  concerned  in  the  action.  According  to  this  statement, 
therefore,  in  directing  the  eyes  laterally,  say  to  the  right, 
both  tbe  right  external  rectus  and  the  left  internal  rectus 
receive  the  impulse  to  action  from  the  cortex  of  the  left 
henusphere,  the  impulses  of  the  nucleus  of  the  third  nerve 
being  received  through  the  commissural  fibres  which  connect 
it  with  the  nucleus  of  the  sixth  nerve  of  the  opposite  side.  So  far 
we  have  only  spokea  of  the  two  recti  muscles,  but  when  these 
muscles  are  contracting  so  that  the  eyes  are  directed  laterally, 
the  muscles  which  rotate  the  head  also  become  contracted  in 
such  a  way  that  the  head  is  turned  in  the  same  direction  as  the 
eyes,  this  movement  being  frequently  observed  when  a  man  looks 
over  hia  shoulder.  Rotation  of  the  head,  say  to  the  right,  is  pro- 
duced mainly  by  contraction  of  the  right  inferior  oblique  muscle 
of  tbe  neck,  although  tbe  left  stemo-mastoid,   and  probably 
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other  muscles,  co-operate  in  the  movement,  and  these  muscles 
also  receive  their  voluntary  impulses  to  action  through  commis- 
sural fibres  which  connect  their  nerve  nuclei  with  the  nucleus 
of  the  sixth  of  the  right  side.  According  to  this  supposition, 
when  a  strong  impulse  is  sent  from  the  left  cortex  (C)  of 
the  brain  through  the  fibres  (2')  which  connect  it  with  the 
nucleus  (er)  of  the  sixth  nerve  of  the  opposite  side,  these  im- 
pulses will  also  pass  through  commissural  fibres  to  the  nuclei  of 
the  nerves  which  supply  the  internal  rectus  and  stemo-cleido- 
mastoid  muscles  of  the  opposite  side,  and  of  the  inferior  obhque 
muscle  of  the  neck  of  the  same  side  ;  and  the  eyes  and  head 
will  consequently  be  strongly  rotated  to  the  right,  and  away 
from  the  hemisphere  from  which  the  impulses  originated. 
But  this  lateral  deviation  or  conjugate  deviation  of  the 
eyes,  aa  it  is  called,  occurs  frequently  in  disease,  and  it  is 
then  associated  with  rotation  of  the  head  and  neck  to  the 
same  side  as  the  eyes  are  directed.  This  position  of  the 
eyes  and  head  is  almost  a  constant  accompaniment  of  con- 
vulsions of  cerebral  origin,  and  when  the  convulsions  are 
unilateral  and  due  to  disease  of  the  cortex  of  one  hemisphere, 
the  rotation  always  takes  place  towards  the  convulsed  side  and 
away  from  the  seat  of  the  lesion.  Unilateral  convulsions  are 
often  associated  with  a  .certain  degree  of  hemiplegia,  the 
convulsions  being  then  limited  to  the  paralysed  side ;  and  when, 
under  these  circumstances,  conjugate  deviation  of  the  eyes  occurs, 
the  rotation  is  always  totvards  the  paralysed  side.  This,  then, 
constitutes  spasmodic  lateral  deviation  of  the  head  and  eyes. 
But  Grasset  has  drawn  attention  to  the  fact  that  this  lateral 
deviation  is  often  of  "paralyiic  origin.  Let  us  now  suppose 
that  the  fibres  (2')  which  connect  the  left  cortex  (C)  and 
the  right  nucleus  of  the  sixth  (cr)  are  suddenly  interrupted, 
the  cerebral  impulses  to  the  nucleus  are  arrested,  the  ex- 
ternal rectus  of  the  right  eye  becomes  paialysed,  and  that 
eye  is  rotated  to  the  left.  But  the  impulses  through  the 
commissural  fibres  which  connect  the  nucleus  of  the  right 
sixth,  and  those  of  the  left  internal  rectus,  and  of  the  rotators 
of  the  head  to  the  left  must  also  be  arrested,  so  tliat  the 
latter  muscles  likewise  become  paralysed ;  hence  the  left  eye 
and  the  head  become  rotated  to  the  left,  the  rotation  now 
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taking  place  away  from  the  paralysed  side  and  tou'm\ls  the 
emispbeie  of  the  brain,  in  which  the  disease  is  situated.  The 
tatioD  of  the  eyes  in  this  direction  has  been  facetiously 
ibed  as  an  attempt  on  the  part  of  the  patient  to  inspect 
cerebral  lesion,  which  is  the  cause  of  the  paralysis,  The 
rotation  of  the  eyes,  head,  and  neck  is  not  now  due  to 
■pasm  of  the  muscles  engaged  in  producing  the  action;  but  to 
paralysis  of  their  antagonists.  This  symptom  is  usually  asso- 
ciated with  all  sudden  and  severe  attacks  of  hemiplegia  ;  it  is 
igeneiallj  absent  in  the  slighter  forms  of  the  attack,  and  in  all 
in  which  the  paralysis  is  moro  or  less  gradual  in  its  onset. 
The  phenomenon  is  also,  as  a  rule,  a  very  transitory  symptom 
of  paralyses,  and  usually  disappears  in  from  four  days  to  a  week. 
The  rotation  of  the  head  generally  disappears  first,  and  then 
the  deviation  of  the  eyes  improves  ;  but  it  not  unfrequently 
happens  that  a  temporary  squint  may  be  observed  during  the 
progress  of  the  rotation  of  the  eyes  towards  recovery. 

The  reason  of  the  temporary  character  of  the  paralytic  form 
of  conjugate  deviation  of  the  eyes  and  rotation  of  the  head  and 
neck — say  towards  the  right — appears  to  be  that,  although  the 
nucleus  of  the  left  third  (/)  usually  receives  its  impulses  to 
action  through  the  commissural  fibres  which  connect  it  with  the 
nucleus  of  the  right  sixth  nerve  (er),  and  consequently  from 
the  cortex  of  the  left  hemisphere,  yet  channels  of  communi- 
catioQ  (1)  still  exist  between  the  nucleus  of  the  left  third  and 
the  cortex  of  the  right  hemisphere.  There  is  no  congenital 
deficiency  of  the  channels  which  connect  the  cortex  of  the  right 
hemispherd  and  the  nucleus  of  the  third  nerve  of  the  opposite 
side  ;  nor  indeed  of  the  oblique  commissural  fibres  which  con- 
nect the  latter  with  the  nucleus  of  the  right  sixth  nerve ;  and 
now  that  the  more  usual  channels  are  interrupted  by  disease, 
impulses  begin  to  pass  through  the  less-used  channels.  In  a 
few  days,  then,  the  channel  (1)  between  the  right  cortex  and 
the  nucleus  of  the  left  third  nerve  becomes  patent,  and  some 
days  later  the  commissural  fibres  (c)  between  the  two  nuclei 
become  80  far  open  as  to  convey  impulses  from  the  nucleus  of 
the  left  third  to  that  of  the  right  sixth,  so  that  the  paralysis 
Oif  tba  muscles  supplied  by  these  nerves  disappears.  If,  how- 
ever, a  lesion  in  the  pons  inteiTupts  the   commissural  fibres 
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(c)  80  as  to  prevent  impulses  passing  from  one  nucleus  to 
another,  a  lesion  of  the  hemisphere  will  then  produce  a 
paralytic  conjugate  deviation  of  the  head  and  eyes  towards 
the  diseased  side  of  the  brain  which  remains  permanent 
(Broadbent). 


1 
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§  91.  Secondary  Deviation  of  tlie  Sound  Eye. — In  paralysis 
of  one  of  the  ocular  muscles,  say  of  the  external  rectus  of  the 
right  side,  the  eye  is  of  course  subject  to  internal  squint    Now, 
if  during  recovery  from  this  condition,  when  the  conduction 
through  the  sixth  nerve  (6n)  is  still  delayed,  the  eye  of  the  sound 
side  be  closed  and  the  patient  be  directed  to  look  at  an  object 
with  his  right  eye  in  such  away  as  to  strain  the  external  rectus 
muscle,  this  strain  is  accompanied  by  a  strong  voluntary  efifort; 
but  owing  to  the  diminished  conductivity  of  the  nerve  only  a 
relatively  small  amount  of  the  voluntary  impulses  will  pass  to 
the  muscle.     But  the  impulses  generated  by  the  strong  volun- 
tary efifort  will  pass  through  the  commissural  fibres  (c')  to  the 
nucleus  of  the  left  third  nerve  (r')  in  an  undimioished  degree, 
80  that  the  internal  rectus  of  the  left  eye  becomes  strongly 
contracted.     The  energetic  contraction  of  the  internal  rectus  of 
the  left  eye  induces  a  secondary  squint  in  it,  the  extent  of  which 
is  much  in  excess  of  that  of  the  squint  of  the  paralysed  sida    But 
although  this  secondary  deviation  is  more  apparent  in  the  case  of 
paralysis  of  the  ocular  than  in  paralysis  of  other  muscles,  yet 
essentially  the  same  phenomenon  occurs  in  the  extremities,     If 
the  common  extensor  muscle  of  the  toes  is  partially  paralysed  a 
voluntary  effort  to  extend  the  toes  is  followed  by  flexion  of  them. 
A  simple  movement  like  flexion  at  the  elbow  joint  is  not  caused 
by  contraction  of  the  flexors  only,  but  by  the  predominance  of 
their  contractions  over  the  contraction  of  the  extensors  simulta- 
neously induced.   During  recovery  from  an  attack  of  hemiplegia 
it  often  happens  that  when  the  patient  makes  an  effort  to  flex 
the  forearm  the  flexor  nauscles  may  be  observed  to  contract, 
yet  either  no  movement  or  movement  in  the  opposite  direction 
occurs ;  because  the  balance  of  the  innervation  to  the  antago- 
nistic muscles  is  equal,  or  the  innervation  to  the  extensors  is  in 
excess  of  that  to  the  flexors. 
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92.  Digordera  of  the  Associated  Movements  of  the  Extremi- 
-We  have  seen  that  the  movements  of  the  limbs,  and  espe- 
cially of  the  hand  of  one  side,  are  largely  independent  of  those  of 
the  other,  and  consequently  that  the  spinal  nuclei  of  the  nerves 
I    which  supply  the  limbs  are  not  intimately  connected  by  trans- 
^■rerse  commissural  fibres.     But  in  walking,  the  movement  of 
^PMm  ri^ht  leg  is  always  associated  with  swinging  of  the  right 
Vano,  and,  conversely,  that  of  the  left  leg  with  swinging  of  the 
right  arm.     It  may  be  inferred,  therefore,  that  the  nuclei  of 
ti>6  nerves  of  the  upper  {a  a')  and  lower  extremities  (I  I')  are 
ooonected    by   oblique  and   crossed    commissural   fibres.      In 
man  the  movements  of  the  leg  of  one  side  are  not  very  in- 
timately associated  with  that  of  the  arm  of  the  opposite  side ; 
beoce  the  commissural  fibres,  which  connect  their  respective 
nerve  nuclei,  are  represented  by  dotted  lines  (c»).     In  quad- 
rupeds, however,  the  crossed  association  between  the  movements 
of  the  anterior  and  posterior  extremities  is  much  more  intimate 
thaa  in  man,  and  consequently  the  oblique  commissural  fibres 
are  patent  in  a  corresponding  degree. 

Let  us  now  suppose  that  the  fibres  (4!'  and  6'),  which  connect 
the  cortex  (C)  of  the  left  hemisphere  with  the  spinal  nuclei 
(a,  {)  of  the  right  extremities,  are  ruptured.  Rupture  of  these 
fibres  would  produce  hemiplegia  in  man ;  but  in  the  dog  only  a 
certjun  amount  of  paresis  results,  inasmuch  as  the  right  hind 
limb  receives  impulses  through  the  open  commissural  fibres, 
which  connect  the  spinal  nuclei  of  its  nerves  with  the  nuclei  of 
the  nerves  of  the  left  anterior  limb.  The  right  anterior  limb 
likewise  becomes  innervated  through  the  commissural  fibres 
which  connect  the  nuclei  of  origin  of  its  nerves  with  those  of 
the  nerves  of  the  left  posterior  extremity.  All  the  limbs  of  the 
dog  therefore  become  innervated  from  one  hemisphere  when  the 
other  hemisphere  is  injured,  so  that,  although  disease  of  one 
hemisphere  causes  a  certain  amount  of  paresis,  no  true  paralysis 
or  hemiplegia  results  as  in  the  cose  of  man.  This  condition  has 
often  been  induced  by  experimental  lesions  of  one  of  the  hemi- 
•pberes  in  the  dog,  and  it  is  always  associated  with  conjugate 
denation  of  the  head  and  eyes,  showing  that  both  phenomena 
are  induced  by  disease  of  the  same  mechanism.  But  although 
the  dog  does  not  manifest  complete  paralysis  of  the  muscles 
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of   the   side    opposite    the   lesion — say   the  right  side,  the 
lesion  being  in  the  left  hemisphere — yet,  ou  standing,  a  slight 
degree  of  pressure  on  the  left  side  pushes  the  animal  over 
to  the  right,  the  vertebral  column  is  arched  with  the  con- 
vexity  towards  the  right,   showing   a    predominance    of  the 
action  of  the  left  erector-spincB  over  their  antagonists,  and  the 
eyes  and  head  are  rotated  to  the  left,  a  position  which  indicate*  ^ 
paresis   of  the  muscles,   which  produces  rotation  of  them  tofl 
the  right.     Under  these  circumstances,  when  the  dog  endea- 
vours to  advance  he  begins  to  move  round  his  tail,  a  movement 
which  has  been  called  "mouvement  de  manage,"  and  which  is    ,, 
the  equivalent  of  hemiplegia  in  man.     It  is  therefore  probabloM 
that  some  of  the  compulsory  movements  described  as  Automatic" 
Kinesioneuroses  realty  belong  to  the  Synkineses,  as  at  present    , 
defined.  fl 


§  93.  Disorder  of  Hie  Associated  Movements  of  Articula- 
tion.— But  when  the  muscles  which  are  bilaterally  associated  in 
their  action  are  small,  and  when  minor  nervous  discharges  only 
are  requisite  to  throw  them  into  action,  the  connection  of 
the  muscles  of  the  two  sides  with  one  hemisphere  may  be 
brought  into  such  habitual  use  that  the  connection  with  the 
other  hemisphere,  although  still  existing,  is  held  practically  in 
abeyance.  The  muscles  which  are  concerned  in  executing  the 
movements  of  articulation,  for  instance,  are  bilaterally  asso- 
ciated ;  the  necessary  adjustments  demand  great  delicacy  of 
execution  but  no  great  muscular  exertion ;  the  muscles  engaged 
in  executing  the  most  delicate  of  these  adjustments  are  small ; 
and  consequently  these  muscles  fulfil  all  the  conditions  just 
mentioned. 

It  is  now  a  matter  almost  of  daily  observation  that  the 
mu.scular  adjustments  concerned  in  articulate  speech  are 
regulated  from  the  left  hemisphere;  but  it  by  no  means  follows 
that  the  regulation  of  all  the  functions  performed  by  theM 
muscles  is  similarly  restricted.  The  contractions  of  the  laryn- 
geal muscles  concerned  in  vocalisation,  for  instance,  are  not 
necessarily  interfered  with,  because  the  delicate  adjustments 
required  in  articulate  speech  are  abolished;  hence  complete  loss 
of  the  power  of  articulate  speech  is  perfectly  compatible  with^. 
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entire  absence  of  voluntary  paralysis  of  any  of  the  muscles 
engaged  in  articulation.  It  is  not  the  power  of  producing  volun- 
tary contractions  of  these  muscles  which  is  lost,  but  the  power  of 
producing  highly  complex  combinations  of  these  contractions. 
If  we  suppose  that  v  and  v'  are  the  spinal  nuclei  of  the  nerves 
(t>  n,  V  n  ),  which  supply  the  muscles  of  articulation,  the  two 
naclei  are  practically  fused  into  one  by  transverse  commissural 
fibres  (c*) ;  and  con.sequcntIy  impulses  which  start  from  the  left 
cortex  (C '),  and  pass  through  the  fibres  (3  *)  to  the  spinal  nucleus 
(v)  of  the  right  side,  readily  reach  the  left  nucleus  (v)  through 
the  commissural  fibres  (c").  But,  as  the  muscles  concerned 
in  articulation  act  always  bilaterally  and  symmetrically,  the 
channels  of  communication  between  the  spinal  nuclei  of  their 
nerves  and  the  cortex  of  one  hemisphere  are  brought  into 
habitual  use;  while  the  channel  of  communication  of  these 
nuclei  and  the  opposite  hemisphere  b-ecorae  partially  obliterated 
^^rom  disuse,  and  probably  not  thoroughly  developed  from  the 
Hint  The  channels  of  communication  between  the  right  cortex 
H(C)  and  the  nuclei  v  and  v',  for  instance,  are  represented  by 
"the  dotted  line  (3  3),  and  the  commissural  fibres  which  convey 
impulses  from  the  left  to  the  right  nucleus  by  the  dotted  line  (c"), 
in  order  to  indicate  that  these  channels  are  only  partially  open. 
Destruction  of  the  communication  (S*)  between  the  left  cortex 
(C)  and  the  right  nucleus  (y)  is  followed  by  loss  of  articulate 
speech,  a  condition  which  is  called  apluiaia. 

If  the  lesion  destroys  the  portion  of  the  cortex  of  the  left 
hemisphere — the  posterior  part  of  the  third  frontal  convolution — 
from  vrhich  the  fibres  of  communication  spring,  this  condition 
is  permanent,  except  perhaps  in  young  people,  in  whom  the 
corresponding  part  of  the  right  hemisphere  becomes  educated 
and  developed  for  the  purpose.     But  if  the  lesion  involve  only 

^e  channel  of  communication  (3')  between  the  left  cortex  and 
e  right  nucleus,  the  loss  of  speech  is  only  temporary.  The 
corpus  callosum  consists  of  fibres  (c  c),  which  connect  sym- 
metrical parts  of  the  two  hemispheres ;  and  the  portion  of  it 
which  connects  the  third  frontal  convolution  of  the  two  sides  is 
represented  in  Fig.  12  by  the  dotted  line,  to  show  that  although 
the  connection  exists  it  is  partially  closed  through  disuse. 
I  When,  however,  the  communication  through  (3')  is  interrupted, 
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impulses  generated  ia  the  third  left  frontal  convolution  make 
their  way  through  the  fibres  of  the  corpus  callosum  to  the  cor- 
responding part  of  the  right  hemisphere,  and  after  a  time 
through  the  dotted  line  (3),  which  connects  the  latter  with  the 
left  nucleus,  and,  after  another  interval,  through  the  partially 
open  commissural  fibres  which  connect  the  left  (v)  with  the 
right  nucleus  (v),  so  that  the  power  of  speech  is  gradually 
re-acquired.  A.  lesion,  however,  which  destroys  both  the  channel 
of  communication  (3')  between  the  third  left  frontal  convolu- 
tion and  the  spinal  nuclei,  and  the  fibres  of  the  corpiis 
callosum  (c  c  dotted  line),  connecting  the  right  and  left  third 
frontal  convolutions,  wilt  influeace  speech  as  powerfully  and 
permanently  as  disease  of  the  grey  substance  of  the  third 
left  frontal  convolution  itself.  Such  a  lesion  effectually 
cuts  off  the  third  left  frontal  convolution,  in  which  the 
higher  mechanism  which  regulates  the  muscular  adjustments 
concerned  in  articulation  is  organised  from  the  spinal  nuclei ; 
and  the  only  means  by  which  speech  can  be  then  restored  ia  fl 
the  organisation  of  a  new  mechanism  in  the  corresponding  part  ™ 
of  the  right  hemisphere,  a  method  which  must  always  be  slow, 
and  which  can  only  take  place,  at  least  to  any  considerable 
extent,  in  the  plastic  tissues  of  young  people. 

For  this  exposition  of  the  phenomena,  which  I  have  grouped 
together  under  the  term  Synkineses,  I  am  myself  responsible; 
but  the  whole  of  what  I  have  said  is  inspired  by  the  succession 
of  able  contributions  on  the  subject  from  the  pen  of  Dr. 
Broadbent.  To  Dr.  Broadbent,  indeed,  we  owe  the  enunciation 
of  the  principle  of  the  bilateral  association  of  the  nerve  nuclei 
of  the  muscles  bilaterally  associated  in  their  action,  which 
affords  the  key  to  the  interpretation  of  the  phenomena,  and  the 
subject  has  been  worked  out  by  him  with  such  fulness  of  detail 
and  such  consummate  skill  that  little  is  left  to  others  in  this 
field  but  to  copy  his  work. 


(II.)— MOTOR  AFFECTIONS  OF  INTERNAL  ORGANS  (VISCERAL 

KINESIONEUEOSES ). 

§  94.  The  motor  affections  of  internal  organs,  exclusive  of 
the  disturbances  of  the  blood-vessels,  present  many  peculiarities 
in  comparison  with  those  of  the  organs  of  external  relation 
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These  peculiarities  depend  in  great  part  upon  tbe  fact  that  the 
muscular  apparatus  of  the  internal  organs  is  formed  of  unstriated 
muscular  tissue,  which  differs  from  the  striated  muscle  in  its 
mode  of  contraction,  and  in  several  other  respects.  An  unstriated 

» muscular  fibre  iloes  not  respond  to  mechanicid  and  electrical 
Btimuli  by  a  prompt  conttaction  of  short  duration;  but  the  con- 
traction IS  preceded  by  a  long  latent  period  and  lasts  a  consider- 
able time,  after  which  relaxation  slowly  takes  place.  The  slow 
and  protracted  nature  of  the  contraction  of  unstriated  muscular 
fibres  renders  it  impos-sible  for  tremor  and  fibrillary  contractions 
to  appear  as  symptoms  in  affections  of  those  muscles. 

Another  important  peculiarity  of  the  contractions  of  un- 
striated muscles  is  their  rhythmic  and  automatic  character. 
The  peristalsis  of  the  intestines  and  ureters  is  rhythmic,  and 
probably  in  great  part  automatic.  It  is  very  probable  that  these 
Dotrements  depend  in  great  measure  upon  the  presence  of  local 
ganglia  in  the  walls  of  the  organs,  and  such  gauglia  have 
been  anatomically  demonstrated  in  the  heart,  stomach,  intes- 
tines, uterus,  and  other  organs.  Co-ordinating  arrangements 
appear  to  be  present  between  these  ganglia,  which  regulate 
the  contractions  of  the  various  segments  of  the  viscus,  so  that 
they  contract  in  orderly  8e<iuence. 

The  functions  of  these  intramural  ganglia  are  regulated 
by  means  of  accelerating  and  letardtng  nerve-fibres  from  the 
eerobro-spinal  system.  Inhibitory  nerve-fibres  pass  to  the 
heart  along  the  vagus,  and  to  the  intestines  in  the  splanchnic 
nenres;  while  the  accelerating  fibres  to  the  heart  pass  along  the 
lowest  cervical  and  uppermost  thoracic  ganglia  of  the  sym- 
pathetic, and  to  the  intestines  from  the  sympathetic  plexuses  of 
tbe  abdomen. 
It  must  also  be  noticed  that  acceleration  or  inhibition  of  the 
^■visceral  movements  may  be  produced  by  irritation  of  certain 
^■Centres  in  the  cord  and  brain.  Centres  for  the  movements  of 
the  bladder  and  rectum,  and  for  erection  and  ejaculation,  are 
fouad  in  the  lumbar  portion  of  the  cord,  and  for  the  move- 
ments of  the  blood-vessels  in  the  entire  length  of  the  cord  and 
in  the  metlulla  oblongata.  The  activity  of  these  centres  is 
evoked  by  means  of  peripheral  irritation,  and  consequently 
their  functions  may   be  regarded  as  being  in  great  part   of 
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reilex  nature.     These  centres  of  innervation  are  also  connected 
by  means  of  exciting  and  inhibitory  fibres  with  the  cortex  of 
the  cerebrum,  so  that  the  functions  of  the  bladder,  rectum,  and 
other   organs  are   brought   to   some  extent  under    voluntary  j 
control.  H 

From  what  has  just  been  said,  it  is  manifest  that  the  con- 
ceptions of  spasm  and  paralysis,  which  are  applicable  to  the  ^ 
conditions  of  excess  or  diminution  of  the  activity  of  the  striated  fl 
muscles,  are  not  applicable  to  the  corresponding  conditions  of 
the  unstriated  muscles.     In  the  normal  condition  the  muscular  m 
fibres   of  the   internal   organs  are   maintained  in  a  state  of  fl 
rhythmic  contraction.     A  due  degree  of  this  contracted  condi- 
tion may  be  regarded  as  the  normal  tonus  of  the  organ.     The 
condition  of  motor  excess,  or  of  increased  tonus,  may  be  called 
hypertony;  while  that  of  muscular  weakness  or  relaxation  con- 
stitutes Atony  (Eulenburg).     This  change  in  the  tonicity  may 
be  of  direct  or  of  rc^ex  origin. 

But  pathological  anomalies  in  the  territory  of  the  inhibitory 
fibres  or  of  the  inhibitory  centres  may  lead  to  corresponding 
motor  disturbances  of  the  viscera.  Irritation  of  the  inhibitory 
fibres  and  centres  will  give  nse  to  paresis  or  complete  paralysis 
of  the  corresponding  muscles,  while  inactivity  of  these  fibres 
and  centres  will  give  rise  to  spasm  or  tetanus  of  the  muscles. 
Disturbances  of  motor  co-ordination  of  the  visceral  muscles,  as, 
for  instance,  of  erection,  ejaculation,  and  the  mechanism  of 
urination  and  defalcation,  may  occur,  analogous  to  the  inco- 
ordination of  the  movements  of  the  muscles  of  external  relation 
observed  in  locomotor  ataxy  and  other  d  iseases. 

From  what  has  been  said  it  is  evident  that  the  visceral 
motor  disturbances  must  be  more  complicated  than  those  of 
the  voluntary  muscles;  and  it  will  be  useful,  before  proceeding 
further,  to  illustrate  the  nervous  mechanism  which  regulates 
the  movements  of  the  internal  organs  by  giving  a  somewhat 
detailed  analysis  of  the  innervation  of  one  of  them.  The 
mechanism  which  regulates  the  movements  of  the  heart  is 
better  known  than  that  of  other  internal  organs;  and  the 
description  of  this  mechanism  will,  therefore,  best  serve  to 
illustrate  the  general  arrangements  of  visceral  innervation. 
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§  95.  Innervation  of  the  Heart. 

The  nerrons  centres  which  preside  over  the  movements  of  the  heart 
at  of  the  intracardiac  gangUa,  ceutrea  in  the  medulla  oblongata,  and 
c«ntree  in  the  cortex  of  the  brain.  The  position  of  these  centres  may  be 
illostrated  br  the  diagram  {Fij.  13  )  already  employed  to  illustrate 
■noepbalo-spinal  action ;  but «  now  represents  a  cell  of  a  cardiac  intramural 
ganglioD,  and  c  and  c'  cells  of  the  centre  in  the  medulla  oblongata ;  while 
tlw  centres  in  the  cortex  of  the  brain  are  unreprenented.  These  centres 
•re  coDoecteil  with  each  other  and  with  the  periphery  in  various  ways. 
First,  afferent  {a)  and  efferent  (<)  fibres  connect  the  intramural  ganglion 
^b  cell  (<)  with  the  periphery,  constituting 

^^^^r  Flo,  13.  a  simple  reflex  mechanism.     Second, 

^^^^B  ^ — ,.  intercentral  fibres  (e'')  connecting  the 

^^^^      .      )       JlL^  cell  (c' )  in  the  medulla  and  the  intra- 

mural ganglion  cell  (<),  and  conveying 
impulseei  which  increase  the  activity  of 
the  heart,  and  hence  are  called  atcelrra- 
ting  fibre*.  Third,  intercentral  fibres 
(e')  between  a  centre  (e)  in  the  medulla 
and  the  intramural  ganglion  (*),  carry- 
ing impulses  which  arrest  the  action 
of  the  heart,  and  are  therefore 
called  cardio-iuhibitory  fibres.  Fourth, 
afferent  fibres  (a'),  connecting  some 
portion  of  the  periphery  and  the  motor 
centre  in  the  medulla,  and  stimulation 
of  which  excites  the  centre  to  increaseil 
action.  These  fibres  are,  from  their 
action,  called  exoiUi-motor,  although 
affgro-aecdtrating  fibres  would  best 
characterise  their  function.  Fifth, 
afferent  fibres  (a'),  which  connect  some 
portion  of  the  periphery  with  the 
cardio-inhibitory  centre  in  the  medulla, 
and  irritation  of  which  renders  the 
action  of  the  heart  slower.  These  fibres 
are  called  exdto-inltibitory;  hvXaferv- 

^m  ~r'r.'  6-"e"""  "•',■  -.'-""""  inhibitory  would  best  characterise  their 

■  inljiliit.fy    or    excito-iobibitory  „       ..  „.   .,  ,  ,,      „, 

■  fil*«;a",»flertriit-moiororeicit<>-  functions.    Sixth    and   seventh,  fibres 

■  BOtor  libre ;  <",  etfero-inhibitorj-  /„(jt    represented    in    Fig.    13)     con- 

■  «»»;  «',effero-motor  fibre ;  f,r,  ^  •"  ,1. 
W  •Scirat  fibns  of  the  reflex  arc  o(  nectmg    the    cortex    of    the    opiKMute 

hemii4i)here    uf   the    brain    with    the 

cardio-motor     and     cardio-inhibitory 

centres  iu  the  medulla.    These  fibres 

may  respectively  bo  called  ctntrifugo- 


1        ..  .//fAc 

M«I.     - 

^.i;.„:iuiif  the 

luxjt ;  c  ftod  r ,  Ruiglia  ct-lU  i>f 
Um  medulU  nblnngkta,  the  fanner 
tMJIIg  inhibitory,  tbe  latter 
aotor;  II,  kSerrnt  fibre  t.i  iiitrii' 
Bar>l  gkDglion  cell ;  a',  afferent 
tnliihit'ry  or  excito-iobibitory 
filire ;  a",  aflerrnt-molor  or  eicito- 
libre  ;  <",  elfero-inhibitorj- 
Sbr> ;  «•,  effero-motor  fibre  ;  f ,  r, 
•Bcicot  fibres  of  the  reflex  arc  of 
tbe  intramnraJ  ganglia.  Tbe  fibres 
ooDDecting  tbe  ganglia  c«lU  <>( 
tiw  medulla  oblongata  with  the 
eortu  uf  tbe  cerebram  are  nut 
nrpcwented ;  the  arrow*  indicate 
the  direction  of  tbe  onnductioo. 
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motor  and  cenirifugo-irtkihilory.  It  will  be  seen,  therefore,  how  ezceedingljr 
complicated  the  cardiac  nervous  mecbaniam  ia,  and  in  what  a  variety  of 
ways  this  mechanism  may  be  deranged. 

1.  Diiturbancet  of  lite  Simple  Be/Ux  Cardiac  Mtchanitm. — The  heart 
may  be  thrown  into  action,  &s  Bernard  has  shown,  by  stimulating  the 
endocardium,  a  fact  which  appears  to  show  that  afferent  fibres  terminate 
in  this  membrane,  which  connect  it  with  the  intramural  ganglia,  and 
through  efferent  fibres  with  the  muscle  of  the  heart.  Poisons  which  act 
on  the  muscular  substance  of  the  heart,  as  the  salts  of  (jotassium,  lactic 
acid  and  its  salts,  and  various  other  ageats,  of  course  destroy  this  mechauiKm, 
but  only  in  an  indirect  niauner,  by  rendering  the  muscle  incapable  of  re- 
8i3onding  to  a  nervous  stimulus.  Such  poisons  arrest  the  action  of  the 
heart  iu  diastole, 

S.  DisturhaiKet  of  the  Cariio-inhibitory  Mtchanitm: — 

(L)  Affection*  of  the  inhibitory  fibres  of  the  Vagvi. — The  beat  of  the 
heart  may  be  checked  or  entirely  stopped  in  diastole  by  efferent  impulses 
through  the  vagus  nerve.  The  stimulus  usually  employed  to  generate 
these  impulses  is  the  interrupted  current ;  but  the  same  effect  is  produced, 
though  less  readily,  by  mechauical  and  chemical  stimulL  Czermak,  by 
pressing  his  vagus  against  a  small  osseous  tumour  iu  his  neck,  was  able 
to  arrest  tem^wrarily  the  beating  of  his  own  heart. 

Atmpia  and  curara  paralyse  the  cardio-iuhibitory  fibres  of  the  vagus ; 
so  that  after  ita  use  the  action  of  the  heart  becomes  accelerated,  and 
stimulation  of  the  vagus  produces  no  cardio-iuhibitory  action.  Calabar 
beau,  on  the  other  hand,  increases  the  irritability  of  the  cardio-inhibitory 
fibres,  so  that  its  action  is  antagonistic  to  that  of  atropia.  Nicotiu  at  fint 
hIows  the  action  of  the  heart  eveu  to  a  standstill ;  but  after  a  time  the 
beats  recover  their  usual  rhythm  and  may  even  become  accelerated. 
Hence,  it  is  inferred  that  this  drug  paralyses  the  cardio-iuhibitory  fibres 
of  the  vagus,  but  that  the  paralysis  is  preceded  by  irritation  of  them. 
Muscarin  at  once  produces  a  standstill  of  the  heart,  which  may  be  removed 
by  atropia. 

(ii.)  Affections  of  the  inhibitory  centre  in  the  MtduUa. — In  acute  and 
chronic  diseases  of  the  base  of  the  brain  the  rhythm  of  the  heart  ia  often 
greatly  changed,  and  this  is  probably  due  to  irritation  or  poralyaia  of 
the  cardio-iuhibitory  centre  in  the  medulla.  In  tubercular  meuingitia,  for 
instance,  the  pulse,  which  is  at  first  very  alow,  becomes  exceedingly  quick 
towaixis  the  terminal  period  of  the  disease,  phenomena  which  are  best 
explained  by  supposing  a  primary  irritatiou  and  secondary  paralysis  of  the 
cardio-iuhibitory  centre  iu  the  medulla.  Direct  stimulation  of  the  centre 
in  the  medulla  oblongata  produces  inhibition  of  the  heart. 

(iii.)  Affection  of  the  Reflex  Lihibitori/  Mechanitm. — It  would  appear  that 
powerful  stimulation  of  any  part  of  the  body  will  produce  reflex  inhibition 
of  the  heart.  Crushing  of  a  frog's  foot  will,  for  instance,  stop  the  action 
of  the  heart ;  and  in  man,  fainting  from  severe  pain  appears  to  be  caused 
by  an  inhibitory  action  on  the  heart.    But  it  is  probable  that  iu  the  latt«r 
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ioatanoa  the  Bfiereat  impulM'9  are  first  conreyed  to  the  cortex  of  the  brain 
and  reflected  thence  to  the  iuhibitory  centre  in  the  medulla,  so  that  it  can 
scarcely  be  called  a  true  reflex  action.  Injury  of  the  iuteatines,  however, 
•ppMrs  to  exercise  a  more  powerful  eflect  on  the  action  of  the  heart  than 
tbat  of  auy  other  part  of  the  body.  If  the  abdomen  of  a  frog  be  laid  bore 
and  the  inteetines  be  sharply  struck,  the  heart  will  stand  still  in  diastole 
just  as  occurs  in  powerful  stimulation  of  the  vagus  ;  and  cardiac  inhibition 
ia  also  produced  if  the  mesenteric  nerves  or  their  connection  with  the 
sympathetic  system  be  stimulated  with  the  interrupted  current.  When, 
howerer,  Ixjth  vagi  are  divided,  or  the  medulla  oblongata  is  destroyed,  prior 
to  the  stimulation  of  the  intestines  or  mesenteric  nerves,  the  cardio- 
iuhibttory  action  fails  to  be  produced. 

3.  Accelerator  yerve*. — After  division  of  the  vagus  the  heart's  beat  may 
quiclceoed  by  direct  stimulation  of  the  spiiud  cord.    Certain  fibres  pass 

Eroiu  the  cervical  spinal  cord  along  the  nerve  accompanying  the  vertebrial 
artery,  and  reach  the  heart  through  the  last  cervical  and  first  thoracic 
pitglia,  and  stimulation  of  theee  by  means  of  tlie  interrupted  current 
cwMBa  a  (loiclcening  of  the  heart's  beat  ;  hence  they  have  been  called  the 
accelerator  nerves  of  the  heart.  Irritation  of  these  nerves  causes  a 
qaioksning  of  the  activity  of  the  heart,  while  diminution  of  their  conduc- 
tion eauaes  a  slowing  of  the  heart's  beat ;  but  aboUtion  of  their  conduction 
does  not  arrest  the  action  of  the  heart,  because  the  activity  of  the  intra- 
cardiac ganglia  remains  uuafiected. 

4.  Duorderi  of  the  Rhythm  of  the  Heart. — It  is  evident  that  a  very  slight 
liarangemant  of  the  exquisitely  delicate  and  complex  nervous  mechanism 
by  which  the  activity  of  the  heart  is  regulated  must  sufBce  to  produce 
grave  disorder  in  the  regularity  of  its  rhythmic  contractions.  Irregularity 
to  the  pulsations  of  the  heart  and  other  rhythmic  anomalies  are  grouped 
under  the  term  arythmia  cordit;  and  this  condition  may  be  caused  by  a 
alight  loss  of  balance  between  the  irritability  of  the  various  centres  and 
oondoctiDg  paths  of  which  the  nervous  mechanism  of  the  heart  consists. 

§  96.   Innervation  of  the  otJier  Viscera. 

It  would  occupy  too  much  space  to  enter  upon  a  similar  analysis  of  the 
motor  aSfections  of  the  other  viscera,  as  the  various  segments  of  the  intea- 
tinea,  the  bladder,  the  urinary  passages,  and  the  uterus  with  its  appendages. 
Comf>licated  affections  occur  in  these  organs,  both  from  lesion  of  the 
intramural  ganglia  and  of  the  intramuscular  nerve  terminations,  as 
well  as  from  direct  or  indirect  irritation  of  the  accelerator  and  iuhibitory 
fMirres ;  giving  rise  to  spasm  or  paralysis,  or  to  hypertony  or  atony, 
or  to  affections  of  co-ordination.  Ischuria  or  constipation  may,  fur 
example,  result  from  severe  cerebral  or  spinal  disease  in  consequence 
of  diminution  or  abolition  of  conduction  through  those  cerebral  paths 
through  which  motor  impulses  are  conveyed  to  the  detrusor  vesicts 
•ad  the  moBcles  of  the  rectum.  Tlie  same  phenomena  may  be  pro- 
dnead  through  tonic  stimulation  of  the  aphinctera  of  the  urethra  and 
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rectum  from  irritation  of  the  reflex  ceutrea  in  the  lumbar  portion  of  the 
spinal  cord  ;  while  the  converse  condition  of  depression  gives  rise  to  incon- 
tinence of  urine  and  involuntary  passage  of  the  stools.  Erections  msy 
occur  as  paralytic  phenomena  after  severe  traumatic  injury  of  the  spinal 
cord,  or  as  a  »ymptom  of  irritation,  either  direct  or  reflex,  of  the  genito- 
spinal  centre  in  the  lumbar  portion  uf  the  cord.  Similar  motor  phenomena 
may  also  occur  in  the  intestines,  uterus,  and  other  organs. 


(ni.)-VASO-MOTOR  DISTURBANCES    (VASCULAR    KINESIONEU- 
ROSES,   OR  ANGIONEUROSES). 

The  calibre  of  tbe  blood-vessels  throughout  the  body  appears 
to  be  regulated  by  means  of  a  nervous  mechanism  similar  in 
all  essential  respects  to  that  which  regulates  the  movements  of 
the  hollow  viscera.  The  middle  coat  of  all  arteries  contains 
circularly  disposed  smooth  fibres,  which  become  relatively 
more  abundant  in  the  smaller  arteries,  and  contraction  of 
which  diminishes  the  calibre  of  the  vessels.  Nerve-fibres  be- 
longing to  the  sympathetic  system  are  freely  distributed  to  tbe 
blood-vessels,  and  it  is  supposed  that  numerous  excito-motor 
ganglionic  elements  exist  in  the  plexus  which  surrounds  the 
vessels,  forming  local  vaso-motor  mechanisms.  These  local 
ganglia,  along  with  the  fibres  passing  from  them  to  terminate 
in  the  muscular  fibres,  form  a  simple  co-ordinating  vascular 
mechanism,  or,  in  the  language  of  Meynert,  a  projection  system 
of  the  third  order.  These  local  ganglia  are  supposed  to  be  con- 
nected with  vaso-motor  centres  in  the  spinal  cord  and  medulla 
oblongata  by  two  kinds  of  fibres,  but  the  conducting  paths  in 
the  cerebro -spinal  and  sympathetic  nerves  are  not  yet  clearly 
made  out  in  all  cases.  Irritation  of  the  one  kind  of  fibres 
excites  the  local  ganglia  to  increased  activity,  and  consequently 
induces  contraction  of  the  muscular  coat ;  hence  they  are  called 
vaso-constrictor  fibres ;  while  irritation  of  the  second  kind  arrests 
the  action  of  the  ganglia,  and  consequently  paralyses  the  mus- 
cular coat  and  dilates  the  vessels,  and  hence  they  are  called  ' 
vaao-dilatOT  fibres.  The  vaso-motor  centres  in  the  cord  and  H 
medulla  oblongata,  along  with  the  fibres  which  connect  them 
with  the  local  ganglia,  form  a  compound  co-ordinating  vascular 
mechanism,  the  fibres,  in  the  language  of  Meynert,  forming  a 
projection  system  of  the  second  order.  During  health 
action  of  this  nervous  mechanism  is  so  balanced  that  the  ' 
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are  matDtained  in  a  medium  but  variable  degree  of  contraction, 
which  constitutes  the  vascular  tonus.  The  arterial  (onita 
throughout  the  body  is  maintained  and  regulated  by  means  of 
a  general  vaso-motor  centre  situated  in  the  upper  part  of  the 
medulla  oblongata.  From  this  centre  vaso-motor  fibres  pass  to 
the  various  vascular  areas  of  the  body,  passing  out  partly  through 
the  rami'Comtnunicaiites  to  the  sympathetic  system,  and  partly 
descending  in  the  antero-lateral  columns  of  the  cord,  to  pass 
out  with  the  anterior  roots  of  the  spinal  nerves  and  to  be  dis- 
lrilmte<]  to  the  periphery  through  the  raised  spinal  nerves,  It 
has  been  proved  that  afferent  impulses  from  various  parts  of 
tbe  body  may  exalt  or  depress  the  arterial  tone  by  constricting 
or  dilating  either  the  whole  vascular  system  or  particular 
vascular  areas.  It  is  manifest  that  a  mutual  antagonism  must 
exist  between  the  local  and  general  effect  on  tbe  circulation,  by 
constriction  or  dilatation  of  a  particular  vascular  area.  If  a  par- 
ticular vessel  is  constricted,  the  area  to  which  it  is  distributed 
is  less  freely  supplied  with  blood,  the  tissues  become  blauched, 
aod  tbe  temperature  falls;  but  provided  the  condition  of  the 
heart  continues  the  same,  there  will  be  an  increased  flow  of 
blood  through  the  other  arteries  of  the  body,  and  the  general 
arterial  pressure  will  be  augmented ;  while  the  converse  of  this 
holds  good  when  an  artery  is  dilated. 

The  local  and  general  effect  produced  may  be  illustrated  by 

stimulating  with  the  interrupted  current  the  central  end  of  the 

divided  depressor  nerve,  which  is  a  branch  of  the  vagus  running 

alongside  the  carotid  artery  and  synopathetic  nerve,  while  the 

arterial  pressure  in  the  carotid  artery  is  being  registered.    When 

the  central  end  of  the  nerve  is  stimulated  a  marked  fall  of  the 

pressure  in  the   carotid   artery   is  observed  ;    but   when  the 

splanchnic  nerves  are  previously  divided  the  fall  is  very  slight, 

showing  that  the  greater  part  of  the  effect  had  been  produced 

by  dilatation  of  the  intestinal  arteries  caused  by  irritation  of 

e  depressor  nerve.     The  afferent  impulses  reaching  the  vaso- 

otor  centre  through   the  depressor  nerve  either  depress   or 

hibit  a  portion  of  that  centre,  or  irritate  that  portion  of  it 

hich  is  connected  with  the  local  ganglia  by  vaso-dilator  fibres. 

tatioD  of  the  central  end  of  the  pressor  fibres,  which  are 

found  in  the  sympathetic  nerve,  raises  the  general  arterial 
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pressure  by  contracting  the  intestinal  arteries.  Stimulation  of 
almost  any  afferent  nerve  affects  the  blood  pressure,  even  when 
the  heart's  beat  remains  unchanged.  A  medium  degree  of 
irritation  of  the  peripheral  nerves,  especially  the  cutaneous 
sensory  nerves,  causes  an  increase,  while  strong  irritation  catises 
great  diminution  of  the  arterial  tonus.  It  is  very  probable 
that  the  vaso-motor  centre  must  be  regarded  as  a  reflex  and 
not  as  an  automatic  centre ;  and  it  is  probable  that  the  afferent 
fibres  of  the  refle.x  arc  pass  upwards  in  the  lateral  columns  of 
the  cord  ;  at  least  the  experiments  of  Miescher  and  Nawroski 
appear  to  prove  that  the  afferent  fibres  of  the  reflex  arc  for  the 
posterior  extremities  in  the  rabbit  occupy  this  position  in  the 
lumbar  portion  of  the  spinal  cord.  But,  although  the  centre  in 
the  medulla  oblongata  is  the  general  vaso-motor  centre  for  all 
the  arteries  of  the  body,  subordinate  centres  appear  to  exist 
throughout  the  length  of  the  spinal  cord ;  at  least  the  experi- 
ments of  Goltz  has  proved  that  such  centres  exist  in  the  lumbar 
portion  of  the  cord  for  the  lower  extremities. 

Recent  experiments  have  shown  that  the  vaso-motor  centre 
in  the  medulla  is  connected  with  certain  definite  regions  in  the 
cortex  of  the  brain ;  these  connecting  paths  constituting  a 
vascular  projection  system  of  the  first  order.  Budge  found 
that  initation  of  the  crus-cerebri  induced  arterial  contraction, 
and  .similar  observations  have  been  made  in  various  pathological 
conditions.  Eulenburg  and  Landois  have  proved  that  definite 
regions  of  the  cortex  of  the  brain  in  dogs,  corresponding  to 
the  central  convolutions  in  man,  constitute  vaso-motor  centres 
for  the  extremities  of  the  opposite  side  of  the  body.  These 
vaso-motor  centres  are  situated  in  the  vicinity  of  the  voluntary 
motor  centres  of  the  cortex,  and  destruction  of  them  with  the 
actual  cautery  leads  to  a  more  or  less  enduring  increase  of  tem- 
perature in  the  extremities  of  the  opposite  side.  These  centres, 
then,  when  acting  upon  the  inferior  centres,  constitute  double 
compound  vaso-motor  centres,  and  their  existence  explains  the 
frequency  with  which  vaso-motor  disturbances  are  associated 
with  the  most  various  cerebral  diseases. 

§  97.  Varieties  of  Vascular  Motor  Disturbances. — Vascular 
motor  disturbances  may  be  subdivided  into  those  which  are 
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caused  by  excess,  and  diminution  or  abolition  of  motor  inner- 
ration  ;  the  former  giving  rise  to  contraction  of  tb^  arterial 
walls  or  to  hyperkinesia  of  the  vessels ;  while  the  latter  causes 
dilatation  of  the  vascular  walls,  or  akinesis  of  the  vessels.  The 
first  condition  may  also  be  called  Angiospasm,  and  the  second 
Arujioixtrfsis  and  Angioparalysis.  From  what  has  already 
been  said  with  respect  to  the  existence  of  both  vaso-constricior 
and  Taso-dilator  nerve-fibres,  it  is  evident  that  contraction 
and  dilatation  of  the  vessels  may  arise  from  very  different 
conditions ;  and  that  the  latter  condition  is  not  always  to 
be  regarded  as  a  truly  paralytic  symptom.  The  affections 
of  the  vessels  may  arise  from  lesions  either  in  the  territory 
of  the  peripheral,  spinal,  or  cerebral  portions  of  the  nervous 
system. 

(1)  Periplitral  Angioneuroees. — Lesions  of  the  peripheral 
nervous  system  and  its  connected  ganglia  give  rise  to  both 
■paamodic  and  paralytic  affections  of  the  vessels.  The  disorders 
of  innervation  may  be  of  direct  or  reflex  origin. 

The  reflex  disorders  may  be  produced  by  lesion  of  the  affereDt  fibres 
which  ftsa  from  the  vesseU  to  the  intramural  ganglia  in  the  vascular 
walla,  or  of  the  afferent  branches  from  other  parts  of  the  organ  to  one  or 
OMMra  of  the  ganglia  situated  higher  up.  Both  spasm  and  paralysis  of  the 
Taasala  may  be  produced  in  a  reflex  manner,  although  it  is  not  known 
■ader  what  conditions  the  one  or  the  other  state  is  caused  ;  and  there 
be  DO  doubt  that  these  conditions  are  frequently  active  in  producing 
local  nutritive  changes  in  organs,  or  in  aggravating  affections  already 
tiog.  After  injury  of  the  peripheral  nerves,  especially  after  complete 
Airiaiou  of  the  Urge  nerve-trunks  of  the  extremities,  paralysis  and 
anesthesia  are  always  associated  with  redness  and  increased  temperature 
•f  the  affected  extremities,  which  no  doubt  depend  upon  paralysis  of  the 
*MO-«o&strictors,  and  not  upon  irritation  of  the  vaso-dilators.  With 
dtgneration  of  the  peripheral  portion  of  the  injured  nerve,  trophic  changes 
ooeor  in  the  affected  extremity,  the  circulation  becomes  less  active,  the 
material  exchanges  are  diminished,  and  lesa  local  heat  is  generated,  while 
owing  to  the  dilatation  of  the  superficial  veaseU  more  heat  is  radiated ; 
beuoe  the  temperature  of  the  limb  falls  below  the  healthy  standard. 

(2)  Spinal  AngioTieuroaes. — Lesions  of  the  vaso-motor  centres 
in  the  cord  and  medulla  oblongata,  and  of  the  associated  cen- 
trifugal sympathetic  and  cerebro-spinal  conducting  paths,  either 

.increase  or  diminish  the  tonic  innervation,  which  in  health  is 
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constantly  passing  to  the  vessels ;  hence  the  resulting  vascular  j 
aSections  may  be  regarded  as  hypertony  and  atony,  and  not  \ 
as  true  spasm  and  paralysis. 

The  vascular  disturbance  may  be  produced,  either  directly  or  iu  a  rcfiei 
manner,  from  different  parts  of  the  periphery.  The  vascular  tonu*  may 
in  this  refiex  manner  be  cither  increased  or  diminished  for  the  whole  or 
for  a  part  only  of  the  vascular  system.  Hypertony  or  atony  of  the  blood- 
vessels may,  therefore,  result  not  only  from  lesions  of  the  spinal  cord  and 
medulla  oblongata,  the  nerve  roots,  rami-communicantes,  sympathetic 
system  and  its  peripheral  branches,  and  the  cerebro-spinal  nerves ; 
but  also  from  affections  of  the  skia  or  of  the  parenchymatous  viscera 
Whether  the  vascular  affection  is  diffused  over  the  whole  vascular  systeoi, 
or  limited  to  larger  or  smaller  vascular  territories,  depends  upon  the 
position  of  the  primary  lesion  as  well  as  ufMn  the  duration  and  iuteosity 
of  the  reflex  irritation.  Even  the  quality  of  the  vascular  affection  depend* 
upon  the  degree  aud  duration  of  the  primary  irritation.  A  feeble  local 
irritation  of  the  .skin  gives  rise  to  momentary  contraction  of  the  vessels  in 
the  vicinity,  with  local  diminution  of  temperature,  soon  followed  by  local 
vascular  dilatation  with  increased  temperature.  Strong  cutaneous  irrita- 
tion acting  on  a  large  surface  produces  a  considerable  diminution  of 
temperature,  not  simply  of  the  surface,  but  also  of  the  internal  organs  as 
measured  by  the  temi>erature  in  the  rectum.  This,  no  doubt,  depends 
upon  contraction  of  the  vessels  caused  by  reflex  irritation  of  the  vmo- 
motor  centres  in  the  spinal  cord  and  medulla  oblongata. 

Injuries  and  diseases  of  the  spinal  cord  which  cause  paraplegia  are  not 
unfrequently  associated  with  primary  increase  of  the  tom|>eratur«  of  the 
paralysed  parts,  fallowed  by  a  diminution  of  temperature  when  degene- 
rative changes  occur  in  the  peripheral  nerves  below  the  seat  of  the  lesion 
and  in  the  muscles  supplied  by  them.  Injuries  of  the  cord  which  pve 
rise  to  spinal  hemiplegia  are  often  accompanied  by  a  primary  increase  of 
temperature  of  the  paralysed  side.  This  primary  increase  is  especially 
well  marked  in  injuries  of  the  cervical  portion  of  the  cord  near  the 
medulla  oblongata,  but  even  this  increase  is  generally  followed  by  a 
correeponding  diminution  of  temperature  before  death.  In  some  caees, 
however,  instead  of  a  fall  of  temperature  before  death,  it  continues  to 
rise  after  the  injury,  and  may  even  increase  considerably  after  death. 
This  remarkable  rise  of  temperature  probably  depends  upon  sudden 
paralysis  of  the  whole  vaso-motor  system,  or  upon  interference  with  the 
action  of  a  heat-regulating  centre  in  the  medulla  oblongata. 

(3)  Cerebral  Anffionetirosea. — Cerebral  lesions  of  the  cortical 
vaso-motor  centres  and  of  the  conducting  paths  which  connect 
thera  with  the  vaso-motor  centre  in  the  medulla  give  rise  to 
various  vascular  disturbances.    The  pallor  of  fear  and  the  blush 
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nf  shame  are  no  doubt  produced  by  a  functional  affection  of 
the  cortex  acting  in  a  reflex  manner  on  the  vaao-motor  centre 
in  tbe  medull& 

It  ia  also  probable  that  many  coaes  of  unilateral  btemidrosis  and 
rphidrMis,  as  well  as  certain  vascular  affectiooB  in  hemicrauia,  Qraves' 
diMMe,  epilepsy,  hysteria,  and  mental  diseases,  must  be  regarded  aa  direct 
or  reflex  psychomotor  angioneuroses. 

Paralysis  of  cerebral  origio,  aa  in  hemiplegia  resulting  from  an  apo- 
plectic attack,  is  generally  associated  with  a  slight  elevation  of  temperature 
of  tbe  paralysed  parts,  which  is  almost  never  beyond  \°  C.  The  normal 
iMIHii  I  lit II I II  is  rery  rarely  maintained,  and  a  fall  of  temperature  is  still 
imr.  In  long-standing  cases  of  hemiplegia  the  temperature  falls  to  the 
nonaal  standard  or  may  even  sink  below  it.  In  fatal  cases  the  tempera- 
ture of  the  two  sides,  aa  a  rule,  become  equal  before  death,  but  at  times 
Iha  temperature  of  the  paralysed  side  cools  sooner  than  the  other  after 
daath.  la  old-standing  coses  the  pulse  on  the  paralysed  is  often  smaller 
and  more  compressible  than  on  the  healthy  side  ;  and  the  paralysed 
bftad  and  foot  is  whiter  and  colder  than  the  corresponding  parts  of 
tiM  other  side.  In  some  cases  of  cerebral  paralysis  the  increase  of  tem- 
perature on  the  paralysed  side  persists  for  a  relatively  long  time,  and  in 
tb«n  it  is  probable  that  this  increase  depends  upon  paralysis  of  the  vaso- 
meior  cortical  centres,  or  an  interruption  of  the  centrifugal  conducting 
paths  between  these  and  the  centre  in  the  medulla. 

§  98.  Cutaneoua  Angioneuroses. — Diffused  pallor  and  red- 
nesi  of  the  skin — the  former  caused  by  increase  and  the  latter 
by  diminution  of  the  normal  tonic  innervation  of  the  smaller 
superficial  arteries — may  be  observed  both  in  normal  and  ab- 
normal conditions  of  the  nervous  system.  Examples  of  diffused 
cutaneous  pallor  and  redness  may  be  observed  under  the  action 
of  various  emotions,  as  fear  and  shame ;  \rhile  sudden  pallor  is 
aaKKsiated  with  fainting,  and  alternating  conditions  of  pallor 
and  redness  may  be  observed  in  various  neuroses,  as  hysteria 
and  epilepsy. 

Some  parts  of  the  body  may  present  vascular  dilatation  with  increased 
temperature  and  secretion,  while  other  portions  present  the  opposite 
conditions  of  vascular  contraction,  dimiaisbed  temperature  and  secre- 
I  tioo.  In  epileptic  and  hysterical  attacks  the  countenance  may  be  flushed 
and  covered  with  sweat,  while  the  extremities  ore  blanched  and  cold. 
Tfaeae  phenomena  may  at  times  be  limited  to  one  half  of  the  body,  as 
in  many  cases  of  epileptic  aura,  and  are  not  uu  frequently  associated  with 
oom^ouding  changes  and  fluctuations  in  the  pulsation  of  the  larger 
nparficial  arteries.     In  these  cases  the  reddened  portions  may  become 
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quickly  blanched,  and  conversely  the  pallid  parts  may  become  quickly 
reddened.  Blushing  is  one  of  the  most  iuteresting  Taso-motor  pheno- 
mena, and  a  similar  vascular  condition  may  be  closely  simulated  by  the 
inbaUtion  of  nitrite  of  amyl.  Blushing  is,  as  Darwin  remarks,  of  all 
expressions  the  most  human.  The  lower  animals  do  not  blush  ;  neitbar 
do«s  the  human  infant.  Idiots  rarely  blush,  but  the  insane  are  sometiiiiM 
particulary  liable  to  blushing  (Criohton-Browne),  Women  and  children 
blush  more  than  men  ;  and  the  muscles  of  the  face  become  dilated  from 
the  emotion  of  shame  in  almost  all  the  races  of  men,  though  in  the  very 
dark  races  no  distinct  change  of  colour  can  be  perceived  (Darwin).  The 
face,  ears,  and  neck  are  the  parts  which  redden  in  most  cases,  but  in  some 
sensitive  people  the  redness  extends  to  the  upper  port  of  the  chest ;  and 
Difienbach  mentions  the  case  of  a  lady  in  whom,  during  exposure  for 
surgical  examination,  the  blush  extended  over  the  nates.  Most  penoos 
when  blushing  deeply  manifest  considerable  mental  confusion,  a  £kct 
which  appears  to  inilicate  that  the  cerebral  circulation  is  simultaneously 
affected.  Pallor  is  sometimes  caused  under  conditions  which  would  usually 
induce  a  blush.  "  A  young  lady  told  me,"  says  Mr.  Darwin,  "  that  in 
a  large  and  crowded  party  she  caught  her  hair  so  firmly  on  the  button  of 
a  passing  servant,  that  it  took  some  time  before  she  could  be  extricated  ; 
from  her  sensations  she  had  imagined  that  she  had  blushed  crimson,  but 
was  assured  by  a  friend  that  she  had  turned  extremely  pale."*  Conrerse 
facts  have  also  been  observed,  in  which  the  face  has  become  flushed  under 
conditions,  such  as  sudden  fright,  which  usually  induce  pallor  (Eulenbuig). 
The  tendency  to  blusViing  is  inherited,  and  Darwin,  on  the  authority  of 
Burgess,  mentions  the  case  of  a  family,  coaaisting  of  a  father,  mother, 
and  ten  children,  all  of  whom,  without  exception,  were  prone  to  blush 
to  a  most  painful  degree. 

Various  vaao-motor  anomalies  occur  in  fevers.  The  initial  rigor  of 
various  acute  diseases  and  the  subsequent  warm  and  moist  surface,  espe- 
cially  in  intermittent  fever,  appear  to  be  caused  by  a  primary  contraction 
and  secondary  dilatation  of  the  cutaneous  arteries. 

Local  Antemia  and  Hypercumia  of  tJte  Skin  may  be  caused 
by  a  direct  or  reflex  local  irritatioD  of  the  surface,  such  as 
atmospheric  iufluences,  local  application  of  cold,  and  various 
mechanical,  chemical,  and  electrical  irritants.  Besides  many 
cases  of  circumscribed  vaso-motor  aura  in  epilepsy  as  tboee 
described  by  Nothnagelt  on  the  extremities,  the  circumscribed 
patches  occurring  on  the  hands  and  forearms  of  washerwomen 
may  be  mentioned,  in  which  there  is  sudden  pallor  and  coldness 
of  the  affected  portion  of  skin,  along  with  diminution  of  sensi- 

*  Expression  of  tba  Emotioua  in  Man  and  Animalii,  by  Charles  Darwin,  M.A,, 
F.R.a.    1872.  —  .i 

t  "  DenUobea  Arohiv.  f.  Clin.  Med.,"  ii.  2. 
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bility.  These  patches  may  at  times  be  observed  in  the  region 
of  (listributioD  of  a  single  nerve  as  the  median,  and  are  not 
uafrequently  associated  with  trophic  alfections,  as  roseola  and 
urticaria  (Eulenburg). 

Wliat  has  been  described  under  the  name  of  Cerebral  Macidce 
{Tdches  Cerehralea  of  Trousseau)  consist  of  scattered  red  blotches 
ttnd  mottiings  on  the  chest  or  abdomen  of  epileptics,  and  those 
suffering  from  Graves'  disease  and  other  neuroses. 

When  the  afifected  portion  of  skin  is  rubbed,  or  in  strongly- 
marked  cases,  is  merely  touched  by  the  finger,  the  surface  soon 
becomes  suffused  with  bright  red  marks,  which  spread  to  some 

stance  around  the  point  touched,  and  persist  for  several 
minutes.  Blushing  may  also  occur  in  disseminated  patches,  as 
in  the  caae  of  a  mother  and  daughter  described  by  Sir  James 
Paget,  in  whom  "  a  big  splash  of  red  appeared  first  on  one 
cheek,  and  then  other  splashes  variously  scattered  over  the 
face  and  neck."* 


§  99.  Visceral  Angioneuroaea. — The  vaso-motor  nerves  of 
the  thoracic  and  abdominal  vessels  are  in  great  part  found  in 
the  plexuses  of  the  sympathetic.  The  vaso-motor  nerves  of  the 
thoracic  viscera  are  derived  from  the  inferior  cervical  and  superior 
thoracic  ganglia ;  and  from  the  spinal  cord  by  commuuicating 
branches  between  the  third  and  seventh  dorsal  vertebra;.  The 
vaso-motor  nerves  of  the  abdominal  viscera,  on  the  other  hand, 
exist  chiefly  in  the  splanchnic  nerves,  but  the  stomach  appears 
to  be  supplied  with  some  fibres  from  the  vagus.  The  splanchnic 
nerves  are  three  in  number — the  greater,  the  lesser,  and  the 
smallest — and  all  of  them  arise  from  the  thoracic  ganglia  of  the 
sympathetic.  The  first  takes  its  origin  from  the  fifth  to  the  tenth 
ganglia  and  the  second  from  the  tenth  to  the  eleventh,  and 
those  appear  to  supply  chiefly  the  stomach,  liver,  spleen,  pan- 
creas, and  intestines.  The  third  arises  from  the  twelfth  thoracic 
ganglion,  and  it,  along  with  some  fibres  from  the  lesser  nerve, 
disappears  in  the  plexus  passing  to  the  kidneys.  Section  of  the 
splanchnic  nerves  causes,  according  to  V.  Bezold,  a  great  diminu- 
tion of  the  arterial  pressure  caused  by  the  great  dilatation  of  the 
TeaMla  and  consequent  engorgement  of  the  abdominal  viscera 

*  See  Dwwia'i  Expresaion  of  the  Emotioni,  p.  313,  tt  itq.    1872. 
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Irritation  of  the  distal  end,  on  the  other  hand,  causes  contractioD 
of  these  vessels,  and  elevation  of  blood  pressure  generally. 
According  to  the  experiments  of  Rossbach  and  Quellhorst*  it 
must  be  assumed  that  a  part  of  the  vaso-motor  nerves  of  the 
abdominal  viscera  pass  in  the  vagus.  These  authors  have 
shown  that  irritation  of  the  peripheral  end  of  the  divided  vagus 
causes  considerable  increase  of  the  arterial  pressure  in  tlie 
abdominal  vessels ;  even  after  paralysis  of  the  iutracardial  ter- 
minatioas  of  the  vagus  baa  been  produced  by  atropine.  i 

Brown-Sequardt  has  shown  that  experiraeutal  injury  of  the  lumbar 
portion  of  the  spiaal  cord  la  guiuea-pigs  aometiinea  causes  cougestion  of 
and  occasioDally  even  extravasation  of  blood  in  the  suprarenal  capsules. 
In  a  case  of  acute  partial  myelitis,  observeil  by  Bouchard  and  B^er, 
besides  the  usual  phenomena,  fresh  htcmorrhagic  foci  were  found  in  the 
substance  of  the  suprarenal  capsules.  Scliiff,  Brown-Sequard,  and  other 
experimeutalistd  found  after  destruction  of  the  pons  aud  basal  ganglia  the 
frequent  occurrence  of  hypenemia  and  eccbymoses  in  the  luugs,  pleura), 
kidney-s,  and  in  the  mucous  membrane  of  the  stomach  aud  boweb. 
Crushing  or  section  of  one  half  of  the  pons  causes,  according  to  Brown- 
S^quard,  bicmorrhages  into  the  liuig  of  the  opposite  side.  The  paths 
through  which  these  influences  traverse  are  not  the  vagi,  but  the  sympa- 
thetic system  aud  its  spinal  communications.  Browu-Se'quard  also  found  I 
heemorrhage  in  the  stomach  after  destruction  of  the  pons  at  the  level 
of  the  petluDcles  of  the  cerebellum.  Euleuburg  found  intestinal  hiB- 
morrhage  after  burning  of  the  upper  surface  of  the  postarior  division 
of  the  cortex  of  the  braiu  iu  a  dog,  although  he  regards  the  coanectioa 
between  the  two  as  being  somewhat  doubtful.  Congestion  and  extra- 
vasations of  blosd  iu  the  internal  organs  are  not  uncommon  iu  amo- 
ciation  with  hemiplegia ;  either  in  consequence  of  extravasation  of 
blood  or  from  softuuLug,  Charcot  meuttous  a  case  of  left-sided  apo- 
plectic hemiplegia  from  extravasation  of  blood  into  the  right  corpus 
striatum,  in  which  eccbymoses  were  found  in  the  pleura>,  endocardium,  and 
in  the  mucous  membrane  of  the  stomach  ;  while  the  Galea  aponeurotic* 
of  the  paralysed  aide  assumed  a  wine-red  colour,  and  showed  sevstal 
eccbymoses. 

Various  menstrual  disorders,  both  by  way  of  excess  or  dimiuution  of 
discharge,  which  are  so  frequently  associated  with  emotional  disturbance^ 
are  no  doubt  the  result  of  functional  disorders  of  the  vaso-motor  nerves 
in  different  parts  of  their  course  iu  connection  with  general  uerroui 


I 
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•  CeotralbUtt,  ISTO,  Na  42. 

t  Experimental  Researches  sp|iUed  to  Pbyiiology  and  Patboloov,  by  Browo- 
S^quard.    Now  York.     1853.    pBge  13. 
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•ffeoUons,  such  oa  hysteria.  It  i.^  al.«io  probable  that  many  of  the  vicarioua 
liMmorrhages  of  the  stomach,  intestines,  lungs,  and  other  organs  depend 
Kpoa  diaorder  of  the  vaso-motor  innervation. 

§  100.  Secretion  of  Urine. — Certain  changes,  both  quantita- 
tive  and  qualitative,  in  the  condition  oi'  the  urine,  such  as 
•boormal  increase  or  diminution  of  its  quantity,  the  presence  of 
abnormal  constituents,  as  albumen,  must  also  be  often  attri- 
buted to  affections  of  the  vaso-motor  nerves  of  the  kidneys. 

Bernard  places  the  vaso-motor  centre  of  the  kidneys  in  the  upper  part 
of  the  floor  of  the  fourth  ventricle,  and  he  has  found  that  injury  of  this 
part  ckosea  polyuria  and  albuminaria,  while  injury  of  the  lower  part  of 
tiw  floor  of  the  ventricle  causes  temporary  glycosuria.  Various  derange- 
aaeots  of  the  urinary  secretion  are  not  uncommonly  observed  after  cerebral 
fannorrhage,  or  during  the  growth  of  cerebral  tumours,  and  these  anomalies 
•N  peculiarly  liable  to  occur  in  hxmorrhago  of  the  {K)n.i  The  occurrence 
•f  duibetea  mellitus,  and  insipidus,  in  consequence  of  lesion  of  the  nervous 
l|»>aiii,  U  of  pecuUar  interest.  The  primary  lesion  in  these  cases  may  be 
«f  Mnbral,  spinal,  or  peripheral  origin. 

§  101.  Glycosuria. — Bernard  first  observed  that  injury  of  a 
arcumscribcd  portion  of  the  fourth  ventricle  is  followed  by  the 
presence  of  sugar  in  the  urine,  and  SchitF  attributed  tlie  result 
to  consecutive  paralysis  of  the  vaso-motor  centre. 

Recent  researches  have  shown  that  irritation  of  a  much  wider  area  may 
gire  rise  to  the  same  phenomena.  FDckhard  has  shown  that  destruction  of 
the  9tmut  rerebelli  in  rabbita  gives  rise  to  the  presence  of  sugar  iu  the 
orioe,  which  ia  not  attended  by  any  alteration  in  the  blood  pressure, 
•od  eoaaequently  is  not  likely  to  be  caused  by  disturbances  in  the  ciroula- 
tioo.  Irritation  of  the  vermis  only  gives  rise  to  hydnomia  when  the  vaso- 
motor nerves  of  the  liver  have  been  previously  divided.  The  opiuiou  of 
Setiiff  is  still  further  confirmed  by  the  fact  that  injuries  of  the  vaso-motor 
oooductiDg  paths,  iu  their  passage  downwards  from  the  medulla  oblongata 
thtoogfa  the  cord,  are  followed  by  diabetes.  Diabetes  ia  also  caused  by 
•ection  of  the  spinal  cord  anywhere  down  to  the  level  of  the  first  lumbar 
Tertebra  (Schiff,  Eckhard),  by  destruction  of  the  upper  and  lower  uer\'ical, 
and  of  the  upper  thoracic  sympathetic  ganglia  (Eckhaird,  Cyon),  or  even 

r  iiecti<m  of  the  large  peripheral  nerve  trunks,  such  aa  the  sciatic 
IfSchiff).  If  the  pneumogaatric  nerve  be  cut  in  the  neck,  stimulation  of 
the  apper  end  is  followed  by  dilatation  of  the  vessels  of  the  liver,  and  the 
ippOTini  fi  of  sugar  in  the  uritie.  The  moat  reasonable  supposition  in 
•zpkoation  of  these  phenomena  is  that  vaso-motor  paralysis  of  the  hepatic 
•rtarj  ouisea  dilatation  and  engorgement  of  the  hepa^c  vessels,  giving  rise 
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to  an  increased  productiun  of  sugar.    In  1868,  Braun  drew  attention  to  tb«] 
frequent  presence  of  sugar  iu  the  urine  iu  cases  of  sciatica,  and  thi«  obser- 
vation has  since  been  confirmed  by  Hoseustein,  Eulenburg,  and  others, 

§  102.  Neurotic  Enlargement  of  the  Spleen  and  Liver. — 
Certain  forms  of  enlargemeut  of  the  spleen  and  liver  are  probably 
due  to  paralysis  of  the  vaso-motor  nerves  of  the  respective  organs. 
The  nerves  of  the  spleen  are  derived  from  the  semilunar  and 
splenic  plexuses,  and  these  are  now  proved  to  consist  both  of 
afferent  and  eflerent  fibres.  Section  of  the  efferent  fibres  causes 
enlargement  of  the  spleen,  along  with  a  dark  blue  colour  of  its 
tissue,  while  irritation  of  these  fibres  causes  a  reduction  of  the 
size  of  the  organ,  its  tissue  becoming  of  a  grey  colour  from 
anaemia  The  number  of  the  white  corpuscles  conveyed  from 
the  spleen  by  the  veins  is  diminished  in  both  cases,  but  the 
diminution  is  to  a  greater  degree  in  vaso-motor  paralysis- 
When,  therefore,  the  spleen  has  been  previously  swelled,  con- 
traction of  its  substance  leads  to  a  considerable  increase  of  the  Mt 
white  blood  corpuscles  in  the  veins.  The  centripetal  fibres  are,  V 
accordiug  to  Bulgak,  found  exclusively  in  the  greater  splanchnics, 
while  their  reflex  centre  is  found  in  the  cord  between  the  first 
and  fourth  cervical  vertebrte.  Strong  irritation  of  the  central 
ends  of  the  vagus  and  sympathetic  in  the  neck  produces  reflex 
contraction  of  the  vessels  of  the  spleen,  but  appears  to  be  a 
consequeuce  or  phenomenon  of  commencing  asphyxia. 

How  far  enlargement  of  the  spleen  in  intermittent  fevor  and 
other  malarious  diseases  and  in  luucocythcemia  is  dependent 
upon  vaso-motor  action  is  doubtful.  With  respect  to  the  liver, 
it  has  been  found  that  destruction  or  extirpation  of  the  coeliac 
and  mesenteric  plexuses  causes,  besides  other  phenomena,  con- 
gestion and  enlargement  of  the  organ.  The  liver  is  also  in- 
creased in  size  and  congested  in  cases  of  diabetes  mellitus, 
caused  by  paralysis  of  the  vaso-motor  nerves  of  the  liver  in  ■ 
their  cerebro-spiual  or  peripheral  course.  It  has  not  yet  been 
decided  how  far  many  other  kinds  of  enlargement  of  the  organ 
are  dependent  upon  vaso-motor  action,  but  it  is  at  least  very 
probable,  that  the  congestion  which  takes  place  in  frequently 
repeated  attacks  of  migraine  is  of  this  nature. 
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III.— TROPHONEUROSES. 

The  nutritive  affections  which  are  caused  by  disease  of  the 
oervoos  system  may,  in  addition  to  the  anatomical  subdivision 

I  already  described,  be  subdivided  into  diseases  of  peripheral, 
^>inal,  or  cerebral  origin,  according  as  the  peripheral  nerves, 
the  spinal  cord,  or  the  brain  is  the  seat  of  the  lesion. 
<l.>-TKOPHIC   AFFECTIONS   OF   THE   NERVOUS   SYSTEM. 

Peripheral  Nerves. — In  paralyses  of  cerebral  origin,  with  the 

^^exception  of  those  resulting  from  disease  of  the  pons,  in  various 

^P^iuai  paralyses,  in  all  hysterical  and  many  forms  of  peripheral 

y  pareljaes,  the  affected  nerves  do  not  undergo  any  histological 

changes  for  a  long  time.     When  the  paralysis  has  existed  for 

many  years  the  ner^'e  undergoes  slight  atrophy,  the  result  of 

inactivity,  or  the  neurilemma  may  undergo  a  moderate  degree 

of  hypertrophy,  especially  when  there  is  coincident  muscular 

^■contracture. 

^P  In  some  forms  of  spinal  paralyses,  atrophy  and  attenuation 
of  the  nerve  fibres  may  be  observed,  the  interstitial  tissue 
being  somewhat  hypertrophied. 

In  a  third  series  of  cases,  of  which  infantile  and  traumatic 
paralysis  may  be  taken  as  the  type,  remarkable  changes  occur 
in  the  nerves — changes  which  have  been  carefully  studied  by 
means  of  experiments  on  animals.  Nasse  was  the  first  who 
etadied  those  which  occur  in  the  peripheral  segment  of  a 
divided  nerve ;  but  A.  Waller,  as  will  be  hereafter  seen,  made 
the  moat  important  discovery  with  respect  to  the  influences 
rhich  determine  nerve  degeneration. 
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§  103.  Wallerian  Degeneration. — The  changes  undergone 
by  nerves  after  section  have  been  studied  by  Waller,  Schifi^ 
Philippeaux  and  Vulpian,  Neumann,  Erb,  and  many  others, 
but  the  most  elaborate  account  of  these  changes  is  given  by 
Ranvier,  in  his  recent  work  on  the  histology  of  the  nervous 
system,  and  the  following  summary  is  mainly  derived  from 
that  work. 

The  earlier  changes  which  occur  after  section  of  a  nerve  are  limited  to 
the  peripheral  and  central  ends  of  the  divided  fibre,  and  do  not  usoally 
extend,  in  either  direction,  beyond  the  first  node  of  Kanvier,  althoogh 
slight  changes  may  occasionally  be  observed  as  for  as  the  second  node 
from  the  {xiint  of  injurjr.  If  the  ends  of  the  divided  nerve  be  examined 
a  few  hours  after  section,  the  medullary  sheatb  is  seen  to  be  swollen  and 
opaque  ;  while  the  interannular  nuclei  may  already  begin  to  mauifest 
traces  of  constriction  prior  to  division.  Between  the  divided  ends  of  the 
nerve  there  is  an  accumulation  of  re<l  and  white  blood  corpuscles.  The 
white  corpuscles  in  the  course  of  a  few  days  form  knob-like  projections  tt 
each  end  of  the  nerve,  which  soon  become  fused  where  the  loss  of  sab- 
atance  ia  the  nerve  has  been  small.  The  white  corpuscles  after  a  time 
increase  in  size,  become  spindle-shaped,  and  ultimately  transformed  into 
connective  tissue  fibres.  The  divided  nerve  becomes  thus  aoldartd 
together  by  means  of  connective  tissue,  but  this  tissue  does  not  take  an 
active  part  in  the  regeneration  of  the  nerve  fibres  themselves. 

If,  however,  the  peripheral  end  of  the  nerve  undergoes  pormlTtie 
degeneration,  a  fresh  series  of  changes  occur,  these  taking  place  alnxMt 
simultaneously  in  the  entire  length  of  the  peripheral  portion  of  the 
fibre.  When  the  peripheral  portion  of  the  divided  nerve  is  examined 
two  days  after  section,  the  medulla  of  the  divided  fibres  is  found 
coagulated,  opaque,  granular,  and  broken  up  into  cylindrical  mnwiiwi 
The  condition  of  the  peripheral  fibres  of  the  sciatic  nerve  of  a  han 
fifty  hours  after  section  is  represented  {Fig.  14,  1,  2).  The  nucleus  (n) 
of  the  interannular  segment  has  become  more  voluminous  and  con- 
tainn  a  large  and  well  marked  nucleolus.  The  protoplasm  which  sur- 
rounds the  nucleus  becomes  so  abundant  and  well  develo])ed  at  the  level 
of  the  nucleus,  that  it  fills  the  calibre  of  the  nerve  tube  and  completely 
interrupts  the  medullary  sheath.  Accumulations  of  protoplasm  also  take 
place  at  other  points  of  the  interannular  segment,  and  these  may  conatriet, 
more  or  less  deeply,  the  medullary  sheath,  or  may  even  completely  inter- 
rupt it.  The  protoplasm  becomes  filled  with  the  fine  fat  granules  into 
which  the  myelino  has  been  converted,  and  a  similar  granular  debrit  may  be 
observed  outside  the  sheath  of  Schwann,  and  in  the  substance  of  the  cells 
of  the  endoneurium.  During  the  next  two  or  three  days  the  segmentation  of 
the  medulkry  sheath  proceeds,  and  the  cylindrical  masses  become  broken 
up  into  globular  masses  {Fig.  14,  6  and  6),  which  at  the  end  of  tbe^tat 
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veek  after  section  are  converted  into  drops  of  variable  size,  amongst  which 
•  progressively  increasing  number  of  fine  fat  granules  may  be  observed. 
Dttring  this  period  the  altered  medulla  occupies  a  larger  space  than  in 
health,  HO  that  the  fibres  appear  broader  than  usual,  although  their  out- 
line is  somewhat  irregular  and  wavy.  But  as  the  change  advances  the 
medolla  becomes  gradually  converted  into  fat  granules,  which  are  absorbed. 

It  hsA  been  asserted  by  Erb  and  other  authorities  that  the  axis- 
cyUnder  persists  without  apparent  injury  long  after  the  medullary  sheath 
has  disappeared.  Ranvier,  however,  affirms  that  the  protoplasm  collects 
at  the  level  of  the  iuterannular  nucleus  to  such  an  e.xtent  that  after 
having  pressed  upon  and  absorbed  the  medullary  sheath  it  attacks  and 
interMcts  the  axis-cylinder  {Fiy.  14,  3,  p,  cy).  The  axis-cylinder  may 
■iao  be  subsequently  cut  across  by  the  accumulation  of  protoplasm  at 
okber  levels  than  that  of  the  interannular  nucleus. 

Sabaequently  to  the  fourth  day  after  section  a  new  phenomenon  may 
be  noticed.  The  nucleus  may  be  observed  situated  near  the  middle  of  an 
interaQoolar  segment,  and  containing  a  very  large  and  distinct  nucleolus 
{Fig.  14,  6,  »i).  The  nucleolus  may  first  be  seen  to  undergo  hour- 
gkoe  contractioB,  and  after  successive  changes  it  ends  by  dividing 
into  twa  After  a  time  the  nucleus  exhibits  similar  transformations,  and 
(Bda  b/  becoming  completely  subdivided  into  two  nuclei,  each  of  which 
maf  Mtbaequently  undergo  subdivision.  In  Fig.  14  (6,  n"  it"  71 "  n"),  four 
nocki  are  obeerred  to  correspond  to  one  interannular  segment.  At  a 
Ut«r  period  of  the  degeuerative  process  the  greater  portion  of  the  medulla 
is  afaaorbed,  although  some  globular  masisea  may  accumulate  at  certain 
pointe  in  the  length  of  the  fibre  (Fig.  14,  6,  m)  ;  the  process  of  multipli- 
cation of  nuclei  ceases  ;  and  even  the  axis-cylinder  disappears  from  con- 
Mderable  t>orttons  of  the  length  of  the  fibre.  The  result  of  this  process 
it  that  the  sheath  of  Schwann  is  completely  empty  of  contents  at  certain 
pei&ts,  and  collapses  so  that  the  degenerated  fibre  appears  exceedingly 
dander  (Fig.  14,  9,  a  a).  The  calibre  of  the  tube  is  distended  at  intervals 
by  elongated  nuclei  arranged  in  a  series  {Fig,  14,  9,  n  n),  by  fragments  of 
tbe  axis-cylinder,  or  by  globular  masses  of  altered  myeline  {Fig.  14,  9,  m) ; 
•o  that  the  degenerated  nerve  tube  appears  as  a  delicate  pale  band  with 
iRcgularly  undulating  contour. 

With  the  disappearance  of  the  medullary  sheath  the  degenerated  nerve 
loaee  its  white  colour,  and  assumes  a  grey  appearance,  the  fibres  shrink,  and 
the  nerve  looks  small  and  wasted.  It  is  probable  that  this  process  is 
aooompanied  by  proliferation  of  the  cells  of  the  endoneurium  and  even  of 
the  perineurium  ;  a  process  which  is  followed,  in  long-standing  cases,  by 
fir^^.riei»l  dhrinking  or  cirrhosis,  rendering  denser  the  texture  of  the 
I  nerve,  but  adding  still  further  to  its  atrophied  appearance. 

§  104.  Regeneralion  of  Ntrve8. 

The  process  of  regeneration  differs  greatly  according  as  the  nerve  haa 
E'baco  aimply  divided  by  a  sharp  knife  or  a  portion  has  been  excised.     In 
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FfO.  1-1  (»fter  Ranvier).— jl/CmiliaiM  in  ITerrt  Fihra  afUr  Stetioit.—\  and  2. 
nerve  fibre*  from  the  peripheral  aegment  of  the  sciatic  nerve  of  a  hare  fift] 
hours  after  aeotion,   examined  after  maceration  for  twenty-foor  hoar*  in  ' 
solution  of  peroamic  acid ;  (n)  nucleus  of  interannnlar  aegmont,  swollen  a 
detached  from  the  sheath  of  Schwann ;  (p)  mass  of  protoplaun,  in  which  I 
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both  cases  the  portion  above  the  point  of  division  remains  normal,  with  the 

exception  of  the  changes  which  occur  in  the  medullary  sheath  as  far  as  the 

first  node  of  Ranvier.     If  the  ends  of  the  divided  nerve  ore  maintained  in 

apposition  during  the  reparation  process,  it  is  probable  that  the  axis' 

cjlinders  of  the  central  may  become  united  with  those  of  the  peripheral  end 

bvfore  any  serious  degenerative  changes  have  occurred  in  the  latter,  and 

that  in  this  manner  "  union  by  first  intention  "  is  obtained.     The  case  is, 

1^ however,  different  when  the  ends  of  the  nerve  are  not  maintained  in  appo- 

lition,  and  when  a  portion  of  the  nerve  has  been  excised.      Waller,  who  was 

'  Ute&nit  to  draw  attention  to  the  importance  of  this  subject,  thought  that  the 

nerve  tnbea  of  the  peripheral  segment  degenerated  in  their  entire  extent, 

I  that  the  regenerative  process  was  due  to  an  active  growth  of  the  nerve 

I  of  the  central  segment.   Remak  subsequently  described  the  formation 

new  nerve  fibre*  in  the  interior  of  the  degenerated  nerve  tubes  of  the 

eral  segment.  The  delicate  investigations  of  llanvier  have,  however, 

I  that  the  axis-cylinder  is  completely  destroyed  in  the  peripheric  seg- 

at,  and  that  the  active  growth  of  new  fibres  proceeds  from  the  nerve 

I  of  the  central  segment.     Ranvier  describes  several  ways  in  which 

f  (he  central  ends  give  rise  to  new  nerve  fibres  ;  but  it  must  suffice  to 

LBKntion  here  one  or  two  of  the  more  common  of  them.    The  central  tube 
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maalea  and  drnp<  of  myeline  (g  and  m  p)  may  be  ob«ervi<<1.  1'he  medullary 
SkMatb  ia  completely  interrupted  at  tb«  level  of  the  nucleua,  while  at  a  it  has 
■Bdnscae  (trmosulation. 

S.  Appaaranoe  preaented  by  the  peripheral  6brea  four  dayt  after  lectinn  of 
tk*  tdatio  Dtnre  of  a  bare,  ongiu&Uy  hardened  in  a  ■olution  of  bichromate  of 
amnnwila  and  stained  by  picrooarmine ;  (c  y)  fragment*  of  the  axia-oylinder 
nUaeted,  somewhat  tortuous  and  embedded  in  a  maas  of  myeline  (la  y) ; 
(9)  protoplanu  awollen  and  granular. 

i.  Fibre  aame  aa  3,  but  ori^nally  coloured  by  picrocarmine  after  maceration 
ia  pamamic  add;  (n)  nacleaa  compreaaing  and  partially  interrupting  the  medul- 
lary abeath  and  the  axis-cylinder ;  p,  protoplaam. 

&  and  6.  — Fibrca  from  the  peripheno  portion  of  the  iciatie  nerve  of  a  pigeon 
three  dayi  after  section  (aame  method  of  preparation  aa  4).  5.  Median  portion 
of  an  interannnlar  seinuent  presenting  a  single  swollen  nucleus  (ni  surrounded 
by  a  maaa  of  protoplum  (p).  )>.  Preaenta  four  nuclei  (n'  n*  n"  n"i  in  a  aingle 
ialeraanular  aegment.  The  protoplasm  ip)  which  surrounds  them  ia  not  aeg- 
meiited.  but  containa  maaaes  of  myeline  in  its  inteiior. 

7.  Cibrea  from  the  central  end  of  the  aciatic  nerve  of  a  hare  ninety  daya 
aftar  Motion  (same  method  of  preparation  aa  4).  Dark  upi>«r  portion  repre- 
■rsta  primitive  nerve  fibre  anrrounded  by  the  sheath  of  .Schwann  (f),  and 
terminating  by  a  knobby  enlargement  of  its  medullary  sheath  ibl.  From  the 
extremity  of  this  termination  a  second  tube  K'l  iB.sueH,  which  divides  and  sub- 
diriile*  until  it  forms  a  bundle  of  very  fine  medullary  fibres  I/*),  surrounded  by 
a  aaoondary  sheath  (>')  emanating  from  the  sheath  of  Schwann  ;  m,  drops  of 
mffiau  derived  from  the  old  nerve  fibre. 

9-  A  large  nerve  fibre  of  the  central  extremity  of  the  pneumogaatric  nerva 
of  a  laace  aeventy-two  days  after  section — maceration  in  perosmic  acid.  The 
metfaillaiy  abeath  id  terminates  by  a  knobl<y  extremity  (6),  and  from  this  ex- 
tremity aecoodary  medullnted  nerve  tnbea  It'  (")  iaaue,  aa  well  aa  fibres  without 
myeline ;  Is)  the  sheath  of  Schwann  of  the  iiriraary  fibre  forming  secondary 
Bcrve  aheath  (/)  for  the  nerve  fibres  which  issue  from  it. 

9.  A  nerve  tube  of  the  peripheric  aegment  of  the  pneumogaatric  of  a  hare  aix 
daya  after  aeotion.  The  (Kirtinna  a  a,  whiih  are  neither  occupied  bf  dropa 
cl  myshne  nor  by  nuclei,  are  coUapaed,  and  the  tube  ia  contracted  at  this  level, 
a  n,  nuclei  of  the  interannnlar  aegment,  having  undergone  proliferation ;  m  m, 
diope  of  myeline. 
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terminates  by  a  slight  eulaigement  at  one  of  the  nodes  (Fig.  14,  7))| 
atid  from  this  extremity  a  nerve  tube  ((')  issues,  which,  although  thin, 
characterised  by  a  medullary  shoath  («')  and  interannular  nucleus.  This 
tube  soou  subdivides  into  two  others  of  almost  the  same  size  as  itself,  and 
eaoh  of  these  in  their  turn  subdivides  into  two  new  nerve  tubes,  so  that 
the  old  sheath  of  Schwann  becomes  distended  by  a  bundle  of  new  fibre* 
(Fi(/.  14,  7,  F).  Rounded  masses  of  altered  myeliue  (m)  are  oftea  observed 
at  intervals  to  lie  between  the  old  sheath  and  the  young  fibres. 

At  other  times  several  nerve  tubes  {Fij.  14,  8,  ( t'  t"),  some  of  then 
possessing  distinct  medullary  sheaths,  while  others  consist  of  naked  aids- 
cylinders,  issue  from  the  extremity  of  the  central  fibre,  and  these  also 
extend  towards  the  periphery.  These  new  fibres  on  reaching  the 
peripheral  segment  penetrate  for  the  most  part  into  the  interior  of  the 
degenerated  tubes ;  but  some  of  them,  according  to  Raiivier,  insinuate 
themselves  between  the  old  sheath  and  the  substance  of  the  eudoneurium. 
It  would  appear,  therefore,  that  Waller's  original  opinion  with  respect  to 
the  centrifugal  development  of  the  new  nerve  tubes  from  the  tubes  which 
are  still  connected  with  the  gaaglion  cells  of  the  anterior  boms  is  coofirmsd 
by  the  elaborate  researches  of  Ranvier,  whatever  may  be  the  details  of 
the  successive  steps  by  which  the  union  is  efiected.  The  duration  of  the 
process  of  regeneration  varies  according  as  there  is  simple  division  of  the 
nerve  or  a  portion  is  resected,  and  is  also  affected  by  numerous  other 
circumstances,  Schiff  found  complete  reunion  of  divided  nerves  in  young 
animals  in  firom  seven  to  fourteen  days,  and  Paget  found  clinically  in 
two  cases  traces  of  returning  sensibility  in  fifteen  days.  After  division 
of  the  facial  nerve  paralysis  of  the  facial  muscles  usually  diminishes  only 
after  two  or  three  mouths.  Sensory  functions  are  restored  considerably 
sooner  than  motor  functions.  If  the  portion  of  nerve  destroyed  or 
resected  exceeds  a  certain  length  regeneration  will  not  take  place. 
Regeneration  is  not  likely  to  take  place  when  the  length  of  lost  nerve 
exceeds  two  inches,  but  Weir  Mitchell  states  that  in  man  there  are 
instances  of  at  least  three  having  been  restored. 


§  105.  Degeneration  of  ike  Conducting  Paths  of  the  Spinal 
Cord  and  Brain. — It  has  beeu  found  that,  when  the  conductinj] 
paths  of  the  spinal  cord  and  brain  are  interrupted  in  any  part 
of  their  course,  the  fibres  on  cue  aide  of  the  lesion  undergo 
degeneration  until  their  termination  in  grey  substance.  It  is 
evident,  therefore,  that  their  degeneration  is  only  of  much 
importance  when  the  fibres  of  the  conducting  path  possess  con- 
siderable length.  When  the  fibres  are,  after  a  short  couree, 
interrupted  by  cells,  the  degeneration  which  follows  injury 
will  be  limited  to  the  immediate  neighbourhood  of  the  lesion  ; 
but  when  the  fibres  pursue  a   long  course  uninterrupted  by 
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gtey  matter,  the  degeneration  may  extend  for  a  long  distance 
beyond  the  seat  of  injury. 

It  is  annecessu7  to  describe  in  detail  the  process  of  degeneration  as  it 
occun  in  the  fibres  of  the  central  conducting  paths,  inasmuch  as  it  is  in 
•11  eaaentiiftl  particulars  simitar  to  that  which  occurs  in  the  peripheral 
MgOMats  of  divided  nerves.  About  three  weeks  after  the  injury  the 
fibre*  of  the  conducting  path  become  degenerated  in  their  entire 
laogtb,  the  conducting  path  itself  assumes  a  grey  or  yellowish  grey 
colour,  and  becomes  somewhat  denser  than  the  surroiuidiug  healthy 
white  sabstance,  hence  the  process  is  called  tderotU.  It  has  also  been 
.ohsaryad  that  the  fibres  of  some  of  the  conducting  paths  of  the  encephalo- 
•pinal  system  undergo  degeneration  or  sclerosis  above  the  seat  of  the 
Iwion,  while  others  degenerate  below  the  seat  of  lesion.  If  the  continuity 
of  tbe  spinal  cord,  for  instance,  be  interrupted,  say,  in  the  up^ter  dorsal 
RgioD,  by  the  pressure  of  a  tumour,  or  by  Potts'  di.teaso  of  the  vertebral 
«alumn,  and  death  supervene  a  few  weeks  afterwards,  the  columns  of 
Oi>U  {Fid.  i,g)  degenerate  above  the  seat  of  the  lesion  as  far  as  the  clavate 
nucleus  {Fyj.  3,  t  it)  and  the  direct  cerebellar  fibres  {Fig.  3,  d  c),  probably 
until  their  termination  in  the  grey  cortex  of  the  cerebellum,  although  the 
iltguneratioQ  has  not  been  actually  traced  beyond  the  upper  end  of  the 
medulla  oblongata.  The  fibres  of  the  pyramidal  tract  (/^'<;.  4,  ju,  T,  and 
/^.3,55  M),  ou  the  other  hand,  undergo  degeueratinu  below  the  seat  of  the 
leooa  down  to  their  terminations  in  the  grey  anterior  coruu.  If  the  fibres 
of  the  pyramidal  tract  be  injured  either  in  the  spinal  cord,  medulla 
oblongata,  pons,  middle  third  of  the  crusta  {Fig.  5,  p'  p),  middle  third  of 
tlte  posterior  half  of  the  internal  ca^isule,  corona  radiata,  or  where  they 
join  the  cortex  of  the  brain,  the  fibres  below  the  seat  of  injury  undergo 
degeneration  down  to  their  termination  in  the  grey  anterior  cornu  of 
tbe  qiioal  cord.  Briefly  expressed,  it  is  said  that  the  columns  of  Goll 
■od  the  direct  cerebellar  tract  undergo  oiccndini/  seUrotis,  while  the 
pjrunidal  tract  undergoes  dacetuiing  sderotit. 

§  106.  Tlteory  of  Nerve  Degeneration. — Waller  was  the  first 
to  observe  that  when  a  mixed  nerve  is  divided  the  peripheral 
portion  degenerates  throughout  its  whole  course  in  a  few  weeks, 
while  the  portion  attached  to  tha  cord  does  not  degenerate.  He 
found,  however,  that  when  the  posterior  or  afferent  root  of  the 
nerre  is  cut  between  its  ganglion  and  the  cord,  the  peripheral 
portions  attached  to  the  ganglion  do  not  degenerate,  but  the 
small  portion  attached  to  the  cord  soon  wastes.  He  there- 
fore concluded  that  the  eflferent  fibres  receive  their  nutritive 
influence  from  the  caudate  cells  of  the  anterior  horns,  and  the 
afferent  fibres  from  the  ganglion  of  the  posterior  roots,  and 
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formulated  the  general  law  that  nerve  6bres  degenerate  when , 
they  are  separated  from  their  trophic  centres.  With  respect  to  I 
the  central  conducting  paths  it  appears  certain  that  the  degene- 
ration occurs  along  the  line  of  the  conduction  of  the  fibres.  The 
columns  of  Gull  and  the  direct  cerebellar  tract,  which  undergo 
ascending  sclerosis,  are  centripetal,  and  the  pyramidal  tracts, 
which  undergo  descending  sclerosis,  are  centrifugal  conducting 
paths.  It  would  appear  that  the  large  caudate  cells  found  in  the 
fourth  layer  of  the  cortex  of  the  brain  in  the  psycho-motor 
centres,  and  which  are  almost  in  every  respect  similar  to  the 
caudate  ganglion-cells  of  the  anterior  cornua  of  the  cord,  form 
the  trophic  centres  for  the  fibres  of  the  pyramidal  tract ;  but 
whether  the  cells  of  the  ganglia  of  the  posterior  roots,  those  of 
the  posterior  grey  horns,  or  of  the  vesicular  column  of  Clarke 
form  the  trophic  centres  of  the  fibres  of  the  columns  of  Goll, 
and  of  the  cerebellar  tracts,  is  unknown. 

It  becomes  interesting  to  know  why  simple  separation  of 
a  nerve  fibre  from  its  trophic  centre  should  produce  the 
changes  which  have  just  been  described.  These  changes, 
broadly  expressed,  consist  in  the  progressive  destruction  of 
the  special  elements  of  the  nerve  fibre — the  medullary  sheath 
and  the  axis-cylinder — along  with  increased  nutritive  activity 
of  the  general  structures — the  nucleus  and  protoplasm.  The 
process  of  development,  both  with  respect  to  structure  and 
function,  is  always  characterised  by  the  subordination  of  the  ■ 
general  to  the  special,  while  the  process  of  degeneration  mani- 
fests a  reverse  tendency  of  subordinating  the  special  to  the 
general.  The  special  structures  of  the  nerve  fibre,  the  medullary 
sheath,  and  axis-cylinder  could  never  have  been  developed  unless 
the  general  functions  of  the  nucleus  and  protopla.sm  had  been 
kept  to  some  extent  in  check  by  some  force,  and  this  check  may 
be  supposed  to  be  exercised  by  a  trophic  centre.  When  once 
the  moderating  or  inhibitory  influence  of  the  trophic  centre  is 
removed,  the  special  structures  lose  in  the  struggle  for  existence, 
while  the  general  functions  of  the  nucleus  and  protoplasm  become 
more  active  and  prominent.  It  is  not  necessary,  therefore,  to 
suppose  that  the  multiplication  of  the  nuclei  and  the  great 
increase  in  the  amount  of  protoplasm  present  during  the 
degenerative  process  is  the  result  of  irritation  ;  and  if  multipli 
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won  of  nuclei  in  this  instance  be  not  a  test  of  previous  irrita- 
tion, it  is  not  a  trustworthy  test  of  irritation  at  other  times. 
The  multiplication  of  the  nuclei  of  muscular  fibres,  for  instance, 
I  which  takes  place  during  degenerative  processes  is  no  more  a 
■  sign  of  previous  irritation  than  a  siaiilar  multiplication  in  the 
CMe  of  degeneration  of  nerve  fibrea 


(n.)-MU3CULAR   TROPHONEUROSES. 
la  order  to  gain  a  better  insight  into  the  nutritive  changes 
[which  muscles  suffer  in  connection  with  certain  diseases  of  the 
nervous  system,  it  is  necessary  to  mention  briefly  the  leading 
^characteristics  of  their  healthy  structure. 

§  107.  Structure  of  Jlealthy  Muscle. 

1.  Ututriated  Miuclet. — The  elements  of  unstriped  muscle  are 
[dcogsted,  spindle-shaped  cells  of  variable  length,  each  containing  an 
eUeag  nucleus  {Fit;.  lO,  lO).     Each  muscle  cell  consists  of  the  following 

is  (Klein):  (a)  a  fine  sheath  poaaessing  transverse  linear  thickenings; 
(h)  a  central  bundle  of  fibrils,  representing  the  contractile  substance  or 
core  ;  (c)  an  oblong  nucleus,  including  a  fine  network  which  anastomoses 
■t  the  poles  of  the  nucleus  witli  the  bundle  of  fibrils  of  the  core.  The 
moacle  cells  are  aggregated  to  form  a  bundle,  the  cells  being  held  together 
b;  a  cement  substance  in  which  flattoned  connective  tissue  cells,  and 
ooeaaionall^  a  few  connective  tissue  fibres,  may  be  observed,  which  repre- 
Mat  the  endomysium.  The  individual  bundles  are  in  their  turn  aggregated 
lo  Urm  lariger  bundles,  by  means  of  fibrous  connective  tissue  of  the  ordinary 
daaeription,  constituting  the  perimysimn.  The  tndomytium  and  penmyiium 
OOCTCspond  respectively  with  the  eiidoneurium  and  perineurium  of  nerves. 

S.  Striped  MuacU*  cousist  of  long  cylindrical  fibres  aggregated  so  us  to 
form  bundles,  these  again  being  grouped  into  larger  fasciculi.  The 
bcuulles  are  surrounded  and  separated  by  ordinary  fibrous  connective 
tiaaoe,  constituting  the  perimysium.  From  the  latter  minute  bundles  of 
connective  tissue,  with  connective  tissue  cell  plates,  pass  between  the 
individuAl  muscle  fibres  to  form  the  muiomt/tium. 

When  a  muscular  fibre  is  examined  along  its  longitudinal  axis 
it  showa  (a)  transverse  broad  thiu  bands  of  a  highly  refractive 
■obttanoa  {Fig.  15,  4,  b),  and  (6)  narrow  bright  bands  of  a  less  refractive 
■abatanoe  (Fig.  15,  4,  d).  The  dim  band  alone  constitutes  the  contractile 
pottioa  of  the  fibre,  and  it  may  therefore  be  called  the  contractile  diie ; 
while  the  bright  band  represents  interstitial  substance,  and  may  be 
oalUsd  the  inttrttitial  ditc  The  coiUraetiU  ditc  is,  however,  not  a  simple, 
bat  a  very  compound  body.  The  disc  is  composed  of  sarcou*  elemetUa, 
each  of  which  conuists  of  a  prismatic  corpuscle.    These  prismatic  corpuscles 
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Fig.  15.  Structure  of  Mutde  (from  Landois'  "  I'hy.iiol.i^jie  "). — 1,  Schema  of  tba 
different  partu  of  a  Striated  Muscular  Fibre ;  S,  Sarcolemma :  Q,  Tranarc 
StriatiuD ;  F,  Fibrillin,  the  presence  of  which  give  rise  to  the  Longiitudioal 
StriatioD  ;  K,  Nuclei  of  MuBcuUr  Fibre;  N,  Termination  of  the  Motor 
Nerve,  showing  (a)  the  Axis  Cylinder,  which  terminates  in  Kuhne's  mot«r 
end-plate.  The  latter  is  viewed  in  profile,  and  rests  on  a  layer  of  nacleatcd 
priitoplium.  '.',  .Scbama  of  a  portion  of  a  Transversa  Section  of  a  Nerve  Fibre, 
showing  c,  Cohnheim't  fields,  and  K,  Nucleus  lyings  onder  the  Sarc<ilemma. 
3,  Isolated  Fibrillie  from  a  Striated  Muscular  Fibre.  4,  Portion  of  a  Fibrilla  of 
the  Muscle  of  an  Insect  (greatly  magnified) ;  a,  Kraose's  Lines  or  Membrane* 
which  limit  the  muocular  compartments  ;  b,  the  dark  Donbly  Rsfractire  Sah- 
atance :  t,  Henxeu's  Lineii ;  d,  the  Singly  RefractiTe  Substance.  5,  >Stlut«l 
^Itucular  Fibre  breaking  up  into  Transverse  Discs.  6,  Striated  Miiooular 
Fibre-cells  from  the  Heart  of  the  Frog.  7,  Structure  of  a  Muscular  Fibre  from 
a  Human  Embryo  of  three  months.  6,  Longitudinal  Section  of  the  Muscle  of  tb* 
Heart.  9,  Transverse  Section  of  the  Muscle  of  the  Heart ;  c.  Capillaries ;  &, 
Connective  Tissue  Corpuscles.  10,  Uu!<tn|>ed  Muscular  Fibres.  11,  Trans- 
v«ne  Section  of  Unstripcd  Muscular  Fibres.  12,  Striated  MoKolar  Fibra 
uniting  with  its  Tendon,  S.  13,  InterSbrillary  Muscolar  Nerve  Fitttw  in 
Striated  Muscle  (after  Gerlach). 


I 


TBOPHONEUBOSES. 


203 


» 


ue  arranged  aide  by  side,  ao  that  when  the  cootractile  diso  is  examined 
ia  tranarene  section  they  are  viewed  end  wise  and  present  polygonal 
aor&ces  (Cobnheim's  fields,  Fig.  15,  2,  c).  The  earcous  elements  shrink 
after  death  and  under  the  action  of  vorioos  reagents,  and  they  then  appear 
to  be  embedded  in  or  surrounded  by  an  iuterstitial  substance,  having  the 
aaoM  chemical  and  physical  characteristics  as  the  interstitial  discs.  But 
the  muscubLP  fibre  can  be  analysed  longitudinally  as  well  as  transversely. 
The  fibre  can  be  se{>arated  into  fibrillo!  {Fig.  15,  3  and  1  F),  which  consist 
of  several  sarcous  element  prisms,  placed  end  on  end,  and  held  together 
by  a  prism  of  the  bright  substance  of  the  interstitial  diso.  In  addition 
to  the  fibrillo!,  nuclei  {Fig.  15, 1  K,  2  K),  or  muscle  corpuscles,  may  be 
ntwii  lid  scattered  at  intervals  in  the  length  of  the  fibre  ;  these  representing 
Um  cells  from  which  the  fibre  was  originally  developed. 

These  different  elements — contractile  and  interstitial  discs,  primitive 
fibiilla,  and  nuclei— ore  held  together  so  aa  to  form  a  fibre  by  some 
impcwtant  structures. 

The  first  of  these  consist  of  a  transparent,  structureless,  elastic  sheath, 
which  Burrounrls  the  contents  of  the  muscle  fibre  hke  a  cuticle,  and  is 
cillad  the  Sarooltmma  {Fig.  15,  1 1).  This  sheath  corresponds  to  the 
mewriUmma  of  a  nerve  fibre.  Thin  elastic  membranous  septa  pass  trans- 
versely through  the  muscular  fibre  at  regular  intervals,  dividing  it  into 
cylindrical  compartments — the  muscle-comparlmentt  of  Erause.  Each  of 
tfaeoe  septa  passes  through  the  centre  of  an  iuterstitial  disc  {Fig.  15,  4  a), 
so  that  each  compartment  holds  the  contractile  diso  in  its  centre,  and  a 
thin  interstitial  disc  at  each  end.  According  to  Hensen  a  thin  transparent 
"median  disc''  (Fig.  15,  4  c)  divides  the  contractile  disc  into  two,  and  this 
oocupies  the  centre  of  the  cylindrical  com|)artment ;  but  this  appearance 
ia  found  only  under  esceptional  conditions  (Klein), 

Dectlop'Hcnt  of  Miucidar  Fibre. — Elongated  spindle-shaped  cells  are 
tnoaformed  into  striped  muscle  fibres  at  an  early  period  of  embryonic  life. 
Th«  spindle-shaped  cells  increase  in  size,  their  nuclei  undergo  re^ieated 
dtrkiou,  and  the  cell  substance,  beginning  from  the  ]>eriphery,  becomes 
difEerentiated  into  sarcous  elements  and  interstitial  substance  {Fig.  15,  7). 
What  remains  of  the  original  protoplasm  around  the  nuclei  represents 
a  mascle  corpuscle. 

TtnniiMtion  of  N«rv«*  in  Striped  Muscle  Fibren. — Small  nerve  bundles 
situated  in  the  connective  tissue  of  the  perimysium  form  a  plexus  around 
the  muscukr  bundles,  called  the  ground  plexus  (Klein).  Small  groups  of 
narre  fibres  come  off  from  this  plexus,  and  pass  into  the  substance  of  the 
muscular  bundles.  They  also  form  a  plexus  in  the  substance  of 
the  eudomysium,  called  the  intermediary  plexus.  From  the  intermediate 
]rieius  isolated  meduUated  nerve  fibres  {Fig.  15,  1  n)  enter  the  individual 
mascle  fibres  in  an  oblique  or  vertical  manner,  the  sheath  of  Schwann  of 
the  nerve  fibre  becoming  fused  with  the  sarcolemma,  while  the  axis- 
cylinder  {Fig,  13,  1  a),  having  lost  its  medullary  sheath,  passes  within 
the  sarcolemma.     The  axis-oyynder  branches  into  several  thin  fibres. 
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'ffhich  form  a  network  with  one  another  {Pig.  15,  13)  between  the  fibriUa 
but  near  the  surface  of  the  fibre.  These  fibres  lie  embedded  in  a  granular, 
plate-like  masa,  containing  numerous  oval  nuclei,  and  termed  the  nerra 
end-plate  of  Kilhne. 

{J  108.  nistological  Cliarujes  in  Paralysed  Muscles. — The 
histological  changes  which  occur  in  paralysed  muscles  vary 
greatly  accordiug  to  the  nature  of  the  paralysis.  Paralysis  re- 
sulting from  disease  of  the  cortex  of  the  brain,  or  of  the 
centrifugal  conducting  paths  which  connect  it  with  the  spinal 
cord,  is  not  followed  by  active  atrophy  of  the  paralysed  muscles, 
unless,  indeed,  the  motor  ganglion-celts  of  the  central  grey  tube 
become  secondarily  implicated  in  the  disease.  When  simple 
voluntary  paralysis  has  existed  for  many  years,  the  fibres  of  the 
paralysed  muscles  atrophy  to  some  extent,  owing  to  their  long 
inactivity.  This  is,  however,  very  different  from  the  active 
atrophy  which  occurs  when  the  motor  ganglion-cells  of  the 
central  grey  tube,  or  the  efferent  fibres  which  connect  these 
with  the  muscles,  are  injured  or  diseased.  Neurotic  muscular 
atrophy  may  be  subdivided  for  practical  purposes  into  the 
following  stages: — 1,  Simple  atrophy;  2,  Atrophy  with  nuclear 
proliferation  ;  3,  Cirrhosis  of  muscle. 

1.  Simple  Atrophy. — Leas  is  known  with  regard  to  the  microscopical 
appearances  of  the  muscles  during  the  first  stage  of  the  disease  than  in 
the  later  stages.  In  simple  atrophy  and  the  early  stages  of  the  other 
forma  of  atrophy,  the  muscular  fibres  undergo  a  simple  diminution  in  site, 
without  any  degenerative  chaagea.  A  microscopical  examination  reveals 
a  great  number  of  fibres  of  email  diameter,  which  preserve  their  normal 
striation,  and  present  no  trace  of  fatty  degeneration.  Both  the  longitudinal 
and  transverse  striation  are  at  times  as  well  preserved  aa  in  health 
{Fig.  16,  a).  It  would  appear  that  there  is  a  diminution  of  the  number  of 
fibrillffi  of  which  the  fibre  consists ;  while  the  fibrillio  which  remain  do  not 
seem  to  be  sensibly  diminished  iu  size.  At  other  times  the  striation  be- 
comes more  delicate  and  less  marked  than  in  health,  probably  owing  to  a 
diminution  in  the  length  of  the  sarcous  elements  of  the  contractile  diaos 
{Fig.  16,  b).  The  substance  of  the  contractile  discs  may  also  present 
a  finely  granular  aspect,  which  appears  to  be  the  first  indication  of  the 
more  profound  chemical  change  which  this  substance  subsequently  under- 
goes. Even  at  a  very  early  period  of  the  atrophy  indications  of  proli- 
feration of  the  muscle  corpuscles  and  of  the  nuclei  of  the  endomyaium 
may  be  observed  ;  but  these  appearances  will  be  best  described  along  with 
the  second  stage  of  the  process.     If  the  ofinnection  between  the  muacle 
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and  the  ganglion- cells  of  the  anterior  grey  bornB  of  tfae  spinal  cord  be  now 
reatored,  the  atrophied  muscular  fibres  gradually  resume  their  normal 
aiae  and  complete  restoration  takes  place. 

i.  Atrophy  xcith  yuciear  Proliftration. — When  the  muscles  are  ex- 
amined from  three  to  five  weeks  after  the  occurrence  of  the  iujury,  it  is 
found  that,  in  addition  to  the  changes  already  described  as  occurring 
daring  the  first  period,  the  contents  of  the  muscular  fibres  hare  under- 
gone  a  profound  degeneration.  The  fiiiely  granular  appearance  of  the 
contents  of  the  fibre,  which  was  mentioned  as  being  with  difficulty  observed 
duiiog  the  earliest  stage,  now  becomes  a  characteristic  feature  of 
tk*  prooM*  {Fig.  IC,  c).  The  granules  at  first  probably  consist  of 
altand  protein,  and  are  soluble  in  acetic  acid  and  insoluble  in  ether  ;  but 
they  soon  become  distinctly  fatty,  being  insoluble  in  acetic  acid  and  soluble 
in  ether.  The  primitive  fibrils  now  disappear,  and  only  small  fragments 
of  the  fibres  present  here  and  there  either  transverse  or  longitudinal 
striatiou.  But  the  most  remarkable  change  which  occurs  in  this 
stage  of  muscular  atrophy  consists  of  proliferation  of  the-  nuclei  or  of 
tfaa  muscle  corpuscles.  At  firat  the  corpuscles  are  observed  to  be  more 
DnaMroua  than  in  healthy  fibres,  but  in  the  later  stages  of  the  pro- 
CMM  the  aarcolemma  may  become  almost  filled  with  masses  of  nuclei 
tonouuded  by  granular  and  fatty  detritus,  while  the  contents  of  the  fibre 
tra  completely  disintegrated  {Fig.  17,  b,  b).  During  the  time  in  which 
the  moacular  fibre  is  becoming  thus  altered  the  nuclei  of  the  endomysium 
alto  proliferate,  so  that  a  much  larger  number  of  those  may  be  observed 
lying  between  the  atrophied  muscular  fibres  than  between  healthy  fibres  ; 
and  it  ia  to  the  subsequent  changes  which  these  connective  tissue  cor- 
puscles undergo  that  the  third  stage  of  atrophy  is  mainly  due. 

Fio.  16. 


Fia.  IS  (after  Havem).  Atmiihy  uf  ifiueular  Fihrrt  from  a  Ctut  of  InfantOt 
faralatit.—a,  ti\>n»  of  norm&I  lize,  ahowing  multiplicalinn  of  nuclei ;  b,  simple 
atropajr,  with  granular  dtrneoctatioo  ;  c,  advanoed  Knmulv  degeneration,  with 
atropky. 
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3.  Cirrhosis  of  Muicle. — The  connective  tissue  corpuscles,  now  greatij 
increased  in  number,  elongate  into  fibres  which  form  narrow  bands  of 
fibrous  tissue  running  parallel  to  the  direction  of  the  muscular  fibres,  and 
cicatricial  contraction  of  which  gives  rise  to  organic  shortening  of  the 
muscle,  or  rather  of  the  fibrous  tissue,  which  bos  now  replaced  the  moa- 
cular  tissue.  When  this  condition  has  been  reached  the  muscular  fibres 
become  destroyed,  and  restitution  of  the  muscle  is  impossible.  Tin 
bands  of  fibroxis  tissue  which  result  from  the  development  into  fibres 
of  the  cells  of  the  endomysiam,  and,  indeed,  it  might  be  added  of  the 
cells  of  the  perimysium,  for  the  process  extends  to  them,  contain  many 
oat-shaped  nuclei  and  connective  tissue  cells  {Fiy.  17,  a,  a).  The  celli 
not  unfreqiiently  become  distended  with  fat,  and  the  deposit  of  fat  in 
the  interstitial  tissue  may  be  so  abundant  that  the  original  volume  of 
the  muscle  may  be  maintained  or  even  exceeded. 

These,  then,  are  the  outlines  of  the  leading  features  presented  by  Um 
difierent  degrees  of  neurotic  muscular  atrophy,  although  the  proocM 
varies  considerably  under  different  circumstaucea.     Some  of  these  raria- 

Fio.  17. 
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Fio.  17  (after  HayemV  Infantile  Paratynt. — a  a,  exc«aa  of  connective  tissue,  oom- 
taiuing  a  largo  number  nf  ciinncctive  tiaaue  and  fat  cells ;  b  b,  atrophied  mo»- 
ciilar  tibreH,  cootaiuiug  a  Urge  number  of  Duolei ;  c,  aimple  atrophy  of 
miucular  fibre. 
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IS  will  be  described  in  the  special  part  of  this  work.  It  must  suffice 
)  present  to  point  out,  that  the  first  stage,  or  simple  atrophy,  is  met  with 
OMoa  where  the  paralysed  muscles  exhibit  the  first  degree  of  the 
of  degeneration  ;  the  second  stage,  or  atrophy  with  muscular 
leration,  where  the  muscles  exhibit  the  second  degree  of  this  reaction ; 
Bd  the  third  stage,  or  cirrhosis  of  the  muscle,  where  the  affected  muscles 
exhibit  the  third  degree  of  the  reaction  of  degeneration.  Electrical 
examination  will  therefore  enable  us  to  determine  the  degree  of  muscular 
degeneration  which  has  been  reached,  aad  consequently  to  foretell 
whether  the  patient  will  make  a  speedy  recovery,  or  a  slow,  tedious,  and 
imperfect  one,  or  whether  the  paralysis  is  completely  incurable. 

P  §  109.  TfiMry  of  MtMCular  Atrophy. — It  is  now  fully  ascer- 
tained that  active  neurotic  atrophy  of  muscular  fibres,  with 
rapid  loss  of  faradic  contractility  of  the  affected  muscles, 
nerer  occurs  except   when   the   spinal   motor    mechanism   is 

tijnred,  either  by  disease  of  the  ganglion  cells  of  the  anterior 
oms  of  the  spinal  cord  or  of  the  corresponding  cells  in  the 
medulla  oblongata,  or  of  the  efferent  fibres  which  connect  these 

bith  the  muscles.  Active  neurotic  atrophy  is  found  asso- 
ciated with  acute  diseases  of  the  grey  substance  of  the  cord, 

Jts    acute    central    myelitis,    spinal    apoplexy,    fractures    and 

■Dxations  of  the  vertebral  column,  infantile  spinal  paralysis 
and  related  diseases.  It  occurs  also  in  connection  with  diseases 
of  the  efferent  fibres,  either  in  their  course  through  the  anterior 
columns  or  at  their  origin  in  the  anterior  roots  (Fig  11,  a  a), 
or  in  their  course  to  the  muscles  through  the  peripheral  nerves. 
The  question  now  arises  as  to  the  nature  of  the  injury  from 
which  active  atrophy  results.  It  was  first  stated  by  Brown- 
S^nard  that  nerve-irritation  alone  is  capable  of  determining 
that  rapid  and  early  atrophy  of  the  muscles,  which  is  accom- 
panied by  decrease  or  disappearance  of  faradic  contractility;  and 
that  simple  section  of  a  nerve  does  not  induce  atrophy  and  loss 
of  electrical  reaction  until  a  considerable  time,  often  many 
jean,  has  elapsed.  Under  the  latter  circumstances  the  atrophy 
resolta  from  prolonged  inactivity.  The  observations  of  £rb 
and  Ziemssen  appeared  to  contradict  this  theory,  but  the 
acute  criticism  to  which  Charcot  has  subjected  these  experi- 
ments seems  to  show  that  the  opinion  of  Brown-S^quard  must 
still  be  maintained.     The  affections  of  the  spinal  cord  which 

.are  associated  with  active  muscular  atrophy  are,  according  to 
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Charcot,  all  acute  diseases,  and  siiicb  as  are  likely  to  give  rise  to 
considerable  irritation;  while  the  diseases  of  the  peripheral 
nerves,  in  which  muscular  atrophy  occurs,  are  almost  always 
of  traumatic  origin,  such  as  concussion,  contusion,  compression, 
imperfect  division — all  of  them  calculated  to  provoke  irritative 
action.  When  a  lesion  of  a  mixed  nerve  gives  rise  to  active 
muscular  atrophy,  the  affection  is  accompanied  not  by  anassthesia 
of  the  territory  of  distribution  of  the  sensory  fibres,  but  by 
more  or  less  acute  pains,  or  by  various  abnormal  sensations, 
with  which  glossy  skin,  herpes,  and  other  trophic  cutaneous 
afifections  are  apt  to  be  associated,  The  presence  of  these 
sensory  disturbances  shows  that  the  afferent  fibres  of  the  nerve  i 
are  in  a  state  of  irritation,  and  this  aftbrds  grounds  for  inferring 
that  the  efferent  fibres  are  in  a  similar  condition,  and  not  simply 
divided.  This  question  must,  however,  be  regarded  as  still  an ' 
open  one,  to  be  decided  by  future  observations  and  researches. 

(Ill  )-CUTANEOUS  TKOPHIC  APFECTI0N3. 

§  110.  Erythema  utuI  Related  CoiulitioTis. — Erythema  is  pro- 
bably not  unfrequently  caused  by  a  functional  disturbance  of  the 
vaso-motor  or  trophic  cutaneous  nervea  After  traumatic  lesions 
of  the  peripheral  nervea  circumscribed  cutaneous  red  patches  are 
often  observed  on  the  extremities,  resembling  chilblains,  some- 
times associated  with  a  pseudo-phlegmonous  swelling  of  the 
subcutaneous  cellular  tissue  (Hamilton).  Transitory  and  recur- 
ring patches  of  erythema,  which  are  no  doubt  of  nervous  origin, 
have  been  observed  on  the  forehead  and  root  of  the  nose  in 
connection  with  trigeminal  neuralgia,  and  occasionally  on  the 
hand  in  cases  of  brachial  neuralgia.  Erythema  is  no  doubt 
frequently  of  reflex  origin,  as  in  those  cases  which  arise  in  the 
course  of  digestive  disorders. 

Urticaria. — It  is  very  probable  that  the  urticaria  caused  by 
the  stings  of  insects  and  nettles,  that  which  arises  in  the  neigh- 
bourhood of  the  puncture  in  subcutaneous  injections,  and  from 
various  other  local  irritants,  is  due  to  nervous  irritation.  The 
suddenness  with  which  urticaria  occurs  in  some  persons,  after 
eating  shell-fish,  oatmeal,  and  other  articles  of  diet,  would 
appear  to  indicate  that  it  is  due  in  these  cases  to  reflex  nervous 
irritation. 
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Tbe  nervous  origin  of  urticaria  is,  however,  at  times  very 
striking.  Charcot  mentions  the  case  of  a  woman  sufiering  from 
locomotor  ataxy,  who  at  every  paroxysm  of  lancinating  pains 
developed  enormous  patches  of  urticaria  over  the  parts  where 
the  severest  pains  were  felt. 


^ 


§  IIL  Eczema,  Herpes,  and  other  Envptiona. — ^Vesicular 
eruptions  are  often  observed  after  injury  to  the  nerves.  Drs. 
Weir  Mitchell,  Morehouse,  and  Keen  have  described,  under  the 
name  of  eczematous  eruptions,  an  afifection  of  the  skin,  con- 
sisting of  minute  vesicles  thickly  scattered  over  the  tender  cutis, 
or  appearing  in  successive  crops  of  larger  vesicles,  and  occurring 
after  traumatic  nerve  lesions.  These  eruptions  are  limited  to  the 
area  of  distribution  of  tbe  injured  nerve,  and  are  usually  asso- 
ciated with  severe  neuralgic  pains;  and  it  is  not  a  little 
remsu'kable  that  these  pains  often  decline  on  the  appearance  of 
the  eruption. 

Romberg  was  the  first  to  draw  attention  to  the  very  frequent 
association  of  herpes  zoster  with  neuralgia,  and  to  lay  stress 
apoQ  the  analogy  of  this  eruption  with  the  redness  and  vesi- 
cnlar  eruptions  which  occur  in  neuralgia,  and  after  injuries  of 
nerves.  Herpes  zoster  is  the  most  familiar  inflammatory  com- 
plication of  neuralgia,  and  its  favourite  seat  is  the  skin  covering 
one  or  more  of  the  intercostal  spaces.  The  neuralgia  which 
accompanies  herpes  zoster  generally  appears  with  the  eruption ; 
and  in  aged  people  it  is  often  exceedingly  severe  and  intrac- 
table, and  generally  continues  long  after  the  eruption  has  dis- 
appeared. Mr.  Jonathan  Hutchinson  records  several  cases  of 
neuralgic  herpes  zoster  of  the  face,  which  were  attended  with 
iritis,  causing  serious  injury  to  the  aflfected  eye.  That  herpes 
Eoster  is  caused  by  lesions  of  the  spinal  cord  is  shown  by 
its  frequent  occurrence  after  traumatic  injuries  of  the  verte- 
bral column.  H.  Schmidt  mentions  the  case  of  a  man  who  had 
an  attack  of  herpes  zoster  in  the  area  of  distribution  of  the  first 
and  second  lumbar  nerves  along  with  neuralgia  and  aniesthesia 
three  weeks  after  a  severe  fall  from  a  ladder.  It  is,  however, 
possible  that  the  herpes  in  this  case  might  have  been  due 
itber  to  direct  injury,  or  to^  descending  neuritis  of  the  nerve 
truoka 
o 
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Spinal,  and  Cerebral  Eruptions. — Eruptions  of  zoster  fre- 
quently occur  in  chronic  myelitis,  and  especially  in  tabes  dorsalis, 
and  the  fact  that  they  are  always  limited  to  nerve  territoriei 
affected  with  neuralgic  and  lightning  pains,  shows  that  they  are 
undoubtedly  of  spinal  origin.     Cases  of  this  kind  have  been  re- 
corded by  Charcot,  Buzzard,  and  many  other  authors.     Herpes 
must  probablybe  regarded  as  of  cerebral  origin  when  the  eruption 
is  distributed  over  almost  the  whole  of  one  half  of  the  body. 
An  interesting  case  of  this  kind  was  communicated  by  Oppolzer, 
in  which,  after  rigors,  the  left  half  of  the  face,  and  the  extremities 
on  the  same  side,  became  covered  with  an  eruption  of  herpes; 
and  although  no  vesicles  formed  on  the  trunk,  yet  the  left  half 
exhibited   at   the   beginning  a  diffused   erythematous   blush. 
Dr.  Duncan  mentions  the  case  of  an  aged  woman  attacked  with 
hemiplegia,  in  whom  an  eruption  of  herpes  appeared  on  the 
thigh  of  the  affected  side  almost  simultaneously  with  the  motor 
paralysis.     In  the  case  of  a  child,  recorded  by  Dr.  Payne,  the 
eruption  of  herpes  appeared  in  the  territory  of  tho  superior 
branches  of  the  anterior  crural  nerve  three  days  after  an  attack 
of  hemiplegia  atfecting  the  same  side.    Charcot  relates  the  case 
of  a  young  soldier,  twenty-two  years  of  age,  who  was  simulta- 
neously attacked  with  hemiplegia  and  a  vesicular  eruption  in 
the  inferior  extremity  of  the  paralysed  side,  where  it  followed 
the  distribution  of  the  superficial  twigs  of  the  cutaneous  peroneal 
branch  of  the  musculo-cutaneous  nerve.     At  the  post-mortei 
examination  it  was  proved  that  the  hemiplegia  was  caused  b; 
a   focus  of  softening  determined    by   embolus  of  a  posterior 
cerebral  artery;   but   the  herpes   was   produced  by  a  totally 
different  mechanism.   A  spinal  arterial  branch,  probably  arising 
from  one  of  the  lateral  sacral  arteries,  was  also  found  obliterated 
by  a  blood-clot,  forming  a  comparatively  voluminous  cord,  and 
adhering  to  one  of  the  posterior  spinal  roots  of  the  cauda  equina. 
Charcot  thinks  that  this  artery,  distended  by  the  embolus,  had 
compressed  one  of  the  spinal  ganglia^  or  an  initial  branch  of  the 
sciatic  nerve ;  so  that  the  herpetic  eruption  in  this  case  would 
really  be  of  peripheral  and  not  of  cerebral  origin.     This  case 
throws  considerable  doubt  on  the  cerebral  origin  of  the  other 
cases  described,  especially  as  the  phenomena  observed  were  not 
checked  by  careful  post-mortem  examinations. 
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Pempkigua  hxdlce  may  also  develop  with  great  rapidity  over 
various  parts  of  the  surface  supplied  by  the  cutaneous  branches 
uf  an  injured  nerve ;  and  these,  according  to  Charcot,  almost 
always  leave  after  them  indelible  scars. 

Balloua  eruptions  are  also  of  spinal  origin,  as  in  a  case  ob- 
aerred  by  Balmer,  where  an  attack  of  pemphigus  occurred  in 
the  course  of  progressive  muscular  atrophy.  In  another  remark- 
able case,  communicated  by  D^jerine,  the  arms  and  legs  became 
covered  by  a  pemphigus  eruption  ten  or  twelve  days  before 
death  in  a  case  of  symmetrical  sclerosis  of  the  lateral  columns 
of  the  cord.  Besides  the  characteristic  post-mortem  appearances 
ID  the  cord,  the  cutaneous  nerves  underlying  the  bulite  were 
found  to  have  undergone  degenerative  changes.  Several  cases 
of  pemphigus  in  connection  with  spinal  disease  have  been 
recorded  by  Chovstek. 

That  pemphigus  is  sometimes  caused  by  cerebral  lesions 
it  rendered  probable  by  several  cases.  In  one  observed  by 
Heaaelink,  a  pemphigus  eruption  appeared  after  an  apoplectic 
attack,  and  disappeared  along  with  the  hemiplegia.  In  another, 
communicated  by  Chovstek,  bullas  appeared  on  the  outer  edge  of 
the  puraiysed  foot  on  the  fourth  week  after  an  attack  of  right- 
sided  hemiplegia,  which  was  preceded  by  neuralgic  pains.  The 
post-mortem  examination  showed  that  the  hemiplegia  was  due 
a  haemorrhage   in   the  left  temporal  lobe   and  lenticular 

icleuB,  The  occurrence  of  a  bullous  eruption  in  the  early 
of  acute  bed-sores  also  shows  the  occasional  dependence 
affection  on  spinal  and  cerebral  lesions. 

pApuUr  and  lichenoid  eruptious  are  sometimes  caused  by  lesions  of 
I  uenrous  system.  Charcot  states  that  it  is  not  rare  to  see  the  akin 
'  Um  legs  and  thighs  temporarily  corered  with  a  papular  eruption 
dviug  paroxysms  of  the  lancinating  pains  characteristic  of  locomotor 
■tuy.  Pustular  eruptions  anolagous  to  eolhyma,  and  leading  to  deep 
aloanttions,  may  also  be  developed  during  the  paroxysms  of  the  lightning 
pwna. 

§  112.  Oloasy  Skin. — The  affection  which  has  been  termed 

skin"  was  first  described  by  Paget,  who  justly  regarded 

lie  afifection  as   "  a  sign  of  peculiarly  impaired  nutrition  and 

ilation  due  to  injury  of  nerves."     "In  well-marked  cases," 

fcys  Paget,  "the  fingers  which  are  affected  (for  this  appearance 
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may  be  confined  to  one  or  two  of  them)  are  usually,  tiperbg; 
smooth,  hairless,  almost  void  of  wrinkles,  glossy,  pink  or  ruddy, 
or  blotched  as  with  permanent  chilblains.  They  are  commonly 
also  very  painful,  especially  on  motion,  and  pain  often  extends 
from  them  up  the  arm."  Dra.  Weir  Mitchell,  Morehouse,  and 
Keen  also  drew  special  attention  to  this  condition,  which  was 
frequently  observed  by  them  in  connection  with  traumatic 
lesions  of  nerve  trunks.  According  to  the  observations  of  these 
authors,  when  a  single  nerve,  as  the  ulnar,  is  injured,  this  con- 
dition of  skin  is  observed  in  the  fingers  or  toes ;  but  in  instance! 
of  more  extensive  nerve  injury  the  palm  of  the  hand  often 
becomes  affected,  but  it  is  rare  for  the  dorsum  to  be  implicated. 
In  the  foot,  on  the  other  hand,  the  reverse  condition  obtains, 
the  dorsum  being  the  part  most  liable  to  suffer.  "  Glossy  skin" 
appears  to  be,  as  Charcot  remarks,  due  to  a  peculiar  inflamma- 
tion of  skin  analagous  to  the  condition  known  as  scleroderma 
Severe  pain,  sometimes  of  a  peculiar  burning  character,  is  found 
associated  with  this  morbid  condition  of  the  skin. 


i 


§  113.  Alteration  in  tJie  Pigmentation  of  tlie Skin — Part 
Leucuderma — Bronzed  Skin,  Ncexfi  Pigmentosi. — In  part 
leucoderma  circular  patches  of  the  skin  are  deficient  in  pigment, 
giving  a  white  appearance  to  the  affected  part,  which  is  more 
striking  by  contrast  in  the  coloured  races.  In  these  patches 
the  hairs  are  often  white,  and  cutaneous  sensihility  is  blunted. 
Patches  of  leucoderma  are  sometimes  observed  on  the  face  in 
trigeminal  neuralgia,  and  in  unilateral  facial  atrophy.  Similar 
patches  have  been  observed  by  Eulenburg  after  injuries  to  the 
larger  nerve  trunks.  The  affection  has  also  been  observed  to 
arise  after  severe  emotional  disturbance  (Beigel),  or  in  connec- 
tion with  central  affections  of  the  nervous  system,  as  loco- 
motor ataxy  (Bulkley),  and  exophthalmic  goitre  (Raynaud), 
which  prove  the  frequent  dependence  of  the  affection  on 
disease  of  some  part  of  the  nervous  system.  Increase  of 
pigment  of  the  skin,  either  partial  or  diffused,  also  appears 
often  to  depend  on  nervous  disease.  The  bronzing  of  the 
skin  in  Addison's  disease  is  probably  due  primarily  to  an 
affection  of  the  nervous  apparatus.  The  skin  has  been  observed 
to  become  rapidly  discoloured  after  severe   emotional   distur- 
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buices;  and  a  case  is  related  by  Rostan  of  a  woman  under 
MDtenco  of  death,  whose  skin  became  in  a  few  days  of  a  dark 
colour,  which  gradually  disappeared  on  the  sentence  being  corn- 
mated.  It  is  also  probable  that  some  of  the  collections  of  pigment 
in  the  rete  called  pigmentary  ncvvi  have  a  nervous  origin. 

Lepra  Ancesthetica — Elephantiasis  GrcBcorum. — The  early 
oocarrence  and  severe  degree  of  antesthesia  in  the  tubercular 
Tariety  of  leprosy,  as  well  as  the  manner  in  which  it  progresses 
frooi  the  periphery  towards  the  central  parts  of  the  afifected 
limbs,  would  alone  indicate  that  disease  of  some  part  of  the 
oerrouB  system  is  a  prominent  part  of  the  affection.  Character- 
istic anatomical  changes  have  also  been  found  both  in  the  nerve 
trunks  and  in  the  spinal  cord  and  brain,  although  it  is  probable 
that  the  alterations  in  the  nerve  centres  are  of  a  secondary 
nature. 

According  to  the  observations  of  Virchow  the  morbid  process  begins  in 
thki  form  of  leprosy,  with  a  perineuritis,  causing  interstitial  cell  prolifera- 
ttoo  to  such  a  degree  that  the  nerve  tubes  become  atrophic  through  com- 
praanoOi  Dr.  Vandyke  Carter  found  the  brain,  spinal  cord,  and  roots  of 
Um  tMirea  healthy  io  ten  cases  of  leprosy  ;  while  the  nerve  trunks,  on  the 
other  hand,  were  swollen,  dull  red,  or  grey,  or  semi-translucent,  rounded 
iod  firm.  The  morbid  changes  were  found  chiefly  in  the  compound 
truolcs,  which  are  situated  most  luperficially,  and  in  the  cutaneous  nerves 
joet  after  perforating  the  deep  fascia  ;  the  nerves  moat  frequently  affected 
betug  the  supraorbital,  great  auricular,  ulnar,  median,  and  radial.  These 
(tmm  rstinni  have  been  confirmed  by  various  other  authors.  Drs.  Danielssen 
aad  Bock  state  that  the  spinal  cord  and  its  membranes  are  altered.  The 
eofd  was  found  indurated,  and  its  grey  matter  discoloured,  yellowish,  and 
devoid  of  vessels.  The  membranes  were  infiltrated  with  an  albuminous 
depomt,  a  layer  being  found  between  the  arachnoid  and  pia  mater.  The 
ehseths  of  the  nerves  and  the  various  ganglia  were  similarly  affected.  In 
a  case  published  by  Steudener  the  posterior  grey  horns  of  the  cord  were 
found  softened,  and  Neumann  found  in  the  related  disease  of  leprous 
pemphigus  thickening  of  the  adventitim  of  the  spinal  vessels,  and  the  grey 
aabatance  transformed  into  a  colloid  mass.  In  a  case  of  lepra  mutilans 
published  by  Langbaus,  the  posterior  grey  horns  of  the  cord,  the  columns 
of  Clarke,  and  the  grey  commissure  were  found  softened,  the  morbid 
ehanges  being  especially  marked  in  the  upper  part  of  the  dorsal  region  and 
ta  the  cervical  enlargement. 


§  ll*.  Bed-sores  and  Related  Conditions. 
JkextbUua  AmUus. — The  rapid  development  of  bed-aores  in 
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connection  with  severe  spinal  and  cerebral  lesions  has  been 
specially  studied  by  Samuel,  and  more  recently  by  Charcot ; 
although,  indeed.  Bright  directed  attention  to  this  affection 
many  years  ago.  The  bed-sore  usually  occupies  the  sacro- 
gluteal  regions,  but  it  may  appear  on  all  parts  of  the  trunk 
and  limbs  subjected  to  a  somewhat  continuous  pressure.  la 
some  exceptional  cases  the  affection  is  produced  in  the  entire 
absence  of  pressure,  or  any  other  recognisable  exciting  cause. 

Some  days  or  even  hours  after  the  occurrence  of  a  severe 
spinal  or  cerebral  lesion,  or  after  a  sudden  exacerbation  of 
these  affections,  one  or  several  erythematous  patches,  of  vari- 
able extent  and  irregular  form,  appear  on  certain  points  of  the 
skin.  The  skin  has  a  rosy  hue ;  sometimes  it  is  dark  red  or 
violet,  but  the  colour  momentarily  disappears  on  pressure  wilh 
the  finger.  Within  twenty-four  or  forty-eight  hours  the  central 
part  of  the  erythematous  patch  is  covered  with  vesicles 
or  buUffi,  the  contents  of  which,  at  first  colourless  and  trans- 
parent, become  more  or  less  opque,  reddish,  or  brown-coloured. 
Under  favourable  circumstances  the  vesicles  may  wither,  dry 
up  and  disappear,  and  the  part  recover  without  further  change  ^ 
(Charcot).  As  a  rule,  however,  the  vesicles  burst,  and  leave  ill-  fl 
looking  ulcerations,  the  bases  of  which  are  composed  of  the  true 
skin  infiltrated  with  blood,  and  usually  in  a  state  of  phleg- 
monous inflammation.  In  such  cases  the  subcutaneous  con- 
nective tissue,  and  even  the  subjacent  muscles,  are  infiltrated 
with  blood.  The  base  of  the  ulcer  soon  perishes  by  gangrene  ; 
the  neighbouring  skin  becomes  inflamed  to  a  greater  and  greater 
extent;  and  the  gangrenous  destruction  extends  deeper  &nd 
deeper,  laying  bare  and  including  in  its  destructive  operation, 
muscles,  tendons,  fasciae,  ligaments,  and  even  the  subjacent 
bones. 

One  of  the  most  remarkable  characteristics  of  this  affection 
is  the  rapidity  of  its  development,  the  entire  cycle  of  change* 
being  completed  in  a  few  days.  Cystitis  and  hsenoaturia  are 
not  unfrequent  complications  of  this  condition,  and  the  muscles 
often  become  the  subjects  of  rapid  atrophy. 

SeqtLela. — Such  extensive  gangrene  soon  gives  rise  to  a  more 
or  less  remittent  fever,  with  severe  chills,  and  great  variations 
of  temperature.     It  may  also  cause  jjuritfeni  infection,  with 
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prodaction  of  metastatic  abscesses  in  the  viscera,  which  are 
principally  observed  in  the  lungs  (Charcot  and  Bali*).  The 
fatal  result  in  these  cases  is  preceded  Ly  general  marasmus. 

One  other  complication  is  worthy  of  notice.  The  gangrenous 
process  extends  to  the  sacral  bones ;  and  with  the  destruction 
of  the  Bacro-coccygeal  ligament  the  vertebral  canal  is  opened, 
■o  that  the  pus  and  the  gangrenous  ichor  have  now  ready 
MCess  to  the  fatty  cellular  tissue  which  surrounda  the  dura 
ntftier;  or  they  may  penetrate  this  membrane,  and  thus  make 
their  way  to  the  cavity  of  the  arachnoid.  This  grave  accident 
gires  rise  either  to  a  simple  fntrulent  or  to  an  ichorous  ascend- 
ing meningitis,  which  rapidly  reaches  the  base  of  the  brain,  and 
leads  to  a  fatal  result 

SimpleChronicDecubitus. — Chronic  bed-sore  arises  usually  in 
a  aomewkat  different  way.  In  chronic  disea838  of  the  spinal  cord 
the  portions  of  skin  subjected  to  pressure  in  Bitting  and  lying 
assume  a  dark  red  colour,  and  at  times  become  covered  with 
superficial  ulcerations.  After  a  time  a  black  spot  appears  on 
the  reddened  portion  of  skin,  and  if  the  pressure  is  continued,  it 
enlarges  rapidly,  and  the  affected  skin  dries  up  into  a  hard 
leathery  mass.  In  a  short  time  a  boundary  line  of  inflammation 
fomu  around  the  gangrenous  portion  of  skin,  and  the  latter  may, 
noder  proper  treatment,  be  thrown  off,  leaving  a  more  or  less 
healthy  granulating  surface,  which,  under  favourable  circum- 
ctancee,  may  cicatrise. 

But  if  the  pressure  be  continued,  or  if  the  primary  disease  of 
the  nervous  system  undergo  a  fresh  exacerbation,  the  ulcerated 
surface  assumes  a  dark  violet  colour,  the  gangrene  spreads 
rapidly,  and  all  the  destructive  changes  characteristic  of  acute 
bed-sore  make  their  appearance,  and  soon  lead  to  a  fatal 
result  (Erb). 

This  form  of  gangrene  may  occur  at  any  place  exposed  to  continued 
prsMore  ;  but  its  favourite  sites  are  the  coccyx  and  buttocka,  the 
tnehanten  and  iscbiatic  protuberances,  heolu,  knees,  the  spinous  pro- 
fmniK  of  the  vertebrte,  the  shoulder  blades,  and  elbows. 

The  exciting  causes  of  bed-sore,  besides  continuous  pressure,  are  neuro- 
paralytic bypertomia,  complete  immobility  of  the  paralysed  parts,  absence 
of  senaatioD,  and  the  irritation  caused  by  discharges  from  the  bladder  and 

*  Union  Medicale,  26  et  28  Janvier,  180a 
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ractura.  But  although  these  greatly  favour  the  formation  of  bed-sores, yet 
they  are  of  themselves,  either  separately  or  combiued,  inadequate  to 
produce  the  more  acute  form  of  the  affection  ;  and  the  latter  may  form  even 
after  every  precaution  in  the  way  of  cleanliness  and  protection  of  the 
parts  has  been  taken  to  prevent  it.  It  is  necessary,  therefore,  to  assume 
a  grave  lesion  of  trophic  fibres  and  centres,  as  being  operative  in  the 
formation  of  acute  bed-sore.  Acute  decubitus  is  found  associated  with 
severe  traumatic  lesions  of  the  cord,  acute  myelitis,  hjematomyelia, 
and  it  has  l>eeii  observed  in  unilateral  lesions  of  the  cord,  not  on  tbu 
paralysed  side  but  on  the  anaesthetic  side.  This  fact  appears  to  show 
that  the  cutaneous  trophic  fibres  decussate  in  the  cord,  like  the  sensory 
fibres.  It  is  worthy  of  note  that  bed-sore  does  not  form  in  some  spinal 
diseases  associated  with  muscular  atrophy,  as  iufautile  paralysis.  This 
affection  also  becomes  rapidly  develo^ied  in  some  cases  of  apoplexy  from 
intracranial  haemorrhage  or  partial  softening  of  the  brain  ;  and  in  such 
nases  the  bed-sore  does  not  occupy  a  median  position  in  the  sacral  region, 
as  in  cases  of  spinal  origin,  but  forms  towards  the  centre  of  the  gluteal 
region  on  the  paralysed  side.  Chronic  decubitus  is  foimd  in  chronic 
transverse  myelitis,  in  the  last  stages  of  tabes  dorsalis,  and  also  in 
peripheral  paralysis  caused  by  pressure  on  the  cauda  equina. 

§  115.  Trophic  Diaordera  of  the  Nails  and  Hair. 

After  section  of  the  sciatic  nerve  in  mammalia  the  limb 
becomes  swollen  at  its  extremity,  the  toes  ulcerate,  and  the  nails 
fall  off.  Schroder  van  der  Kolk,  who  first  performed  the  experi- 
ment, attributed  the  nutritive  afifectiou  to  the  loss  of  the 
DOi-mal  nervous  action.  Brown-S^uard  repeated  the  experi- 
ment on  guinea-pigs  and  rabbits,  and  showed  that  no  notable 
nutritive  changes  took  place  in  the  paralysed  limb,  when  the 
extremity  was  prevented  from  coming  in  contact  with  the  hard 
ground.  Traumatic  lesions  of  nerve  trunks  in  man,  in  which 
the  nerve  is  not  completely  divided,  are  not  only  often  followed 
by  cutaneous  nutritive  disorders,  but  also  by  various  defor- 
mities of  the  nails  of  the  fingers  or  toes,  according  as  the 
nerves  of  the  upper  or  lower  extremity  are  affected.  In  such 
cases  the  affected  nails  become  greatly  curved — both  laterally 
and  longitudinally — furrowed,  dry,  and  cracked  at  their  ex- 
tremities, and  of  a  yellowish  brown  colour.  These  deformities 
may  also  occur  in  connection  with  neuralgic  affections,  idiopathic 
neuritis  of  sensory  nerve  trunks.  They  may  also  be  found  in 
connection  with  acute  and  chronic  myelitis,  or  as  a  result  of  hemi- 
plegia ;  but  in  the  latter  case  it  is  very  probable,  as  will  here- 
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rafter  be  more  fully  pointed  out,  that  the  spinal  cord  participates 
in  the  affection.  The  hair  frequently  suffers  from  nutritive 
disorders,  subsequent  to  lesions  of  the  nervous  system.  Such 
diBorders  often  occur  after  experimental  injuries  of  nerve  trunks 
in  animals.  After  section  of  the  infraorbital  nerve  in  rabbits 
the  long  hair  of  the  beard  often  falls  out,  while  chemical  irrita- 
tion of  the  sciatic  nerve  in  the  same  animal,  followed  by 
•Mending  neuritis  and  myelitis,  is  frequentiy  associated  with 
loea  of  hair  on  the  posterior  part  of  the  body  (Eulenburg). 
,.-  Local  affections  of  the  hair  often  occur  in  man  after  traumatic 
lesions  of  nerve  trunks,  or  in  connection  with  idiopathic  neuritis 
and  neuralgia.  The  hair^over  the  region  of  distribution  of  a 
nenre  affected  with  neuralgia  have  sometimes  been  observed  to 
become  hypertrophied,  and  even  increased  in  number;  but 
as  a  rule  the  effect  of  neuralgia  upon  the  hair  is  to  make  it 
brittle,  and  to  cause  it  to  fall  out  in  considerable  quantities. 
Localised  greyness  of  the  hair  is  often  associated  with 
ophthalmic  neuralgia,  and  it  may  also  involve  that  of  the 
neyebrow  of  the  affected  side ;  and,  what  is  a  still  more 
Biemarkable  fact,  this  greyness  often  assumes  an  intermittent 
f  character,  increasing  during,  and  for  sometime  after,  an 
acute  attack  of  pain,  while  a  partial  or  total  restoration 
of  colour  takes  place  in  the  interval  between  the  paroxysms 
(Anstie).  Severe  emotional  disturbance  has  been  known  to 
cause  the  hair  of  the  head  to  turn  grey  suddenly  in  a  single 
night.  After  severe  injuries  of  nerve  trunks,  which  give  rise 
to  nutritive  cutaneous  disorders,  and  especially  to  "glossy  skin," 
the  hair  completely  disappears  from  the  fingers  affected 
(Weir  Mitchell).  Occasionally  after  injuries  of  nerve  trunks, 
and  in  chronic  myelitis,  an  increased  growth  of  hair  has  been 
observed. 


§110.  Cutaneous  Secretory  Affections. 

Nervous  anomalies  in  the  secretion  of  the  skin  may  occur  both 
in  central  and  peripheral  diseases  of  the  nervous  system- 
Various  pathological  facts  appear  to  prove  the  existence  of 
cutaneous  secretory  nerve  fibres  independently  of  the  vaso- 
motor nerves.  Diminution  or  abolition  of  the  secretion  of  sweat 
may  at  times  exist,  especially  in  paralysed  extremities,  side  by 
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side  with  the  phenomenon  of  vaso-motor  paralysis,  such  as  local 
increase  of  temperature  and  redness  ;  and  conversely,  increased 
secretion  of  sweat  often  exists  on  the  palms  of  the  hands  in 
connection  with  vaso-motor  contraction  and  diminution  of 
temperature.  In  diffused  sweats  caused  by  severe  emotional 
disturbances  the  temperature  is  diminished,  hence  these  are 
called  "cold  sweats."  The  recent  experiments  of  Luchsinger 
show  that  peripheral  irritation  of  the  divided  sciatic  nerve  in 
animals  induces  an  increase  of  sweat  in  the  paralysed  parts. 

The  cutaneous  secretory  neuroses  consist  of  excessive  sweating 
or  hyperidrosis,  diminution  or  absence  of  the  secretion  or  ani- 
droaia  ;  and  changes,  not  in  the  quantijiy,  but  in  the  quality  of  the 
secretion,  which  may  be  compendiously  grouped  under  the  term 
paridrosis.  The  profuse  sweating  of  acute  disease,  as  intermit- 
tent fever,  that  which  results  from  the  action  of  vaiious  toxic 
agents,  as  opium  and  chloroform,  the  partial  sweats  which  occur 
during  hysterical  and  epileptoid  attacks,  are  all  undoubtedly  of 
nervous  origin.  Still  more  striking  examples  are  to  be  found 
in  the  unilateral  perspirations  which  have  been  described 
under  the  name  of  hyferidrosis  uniUiteralls.  This  afTec- 
tioa  is  sometimes  limited  to  one  half  of  the  head,  and  at 
other  times  extends  to  the  arm  of  the  same  side,  or  even 
occupies  the  entire  half  of  the  body,  and  is  usually  associated 
with  severe  nervous  affections,  such  as  hemicrania,  Graves')) 
disease,  diabetes  mellitus,  tabes  dorsalis,  and  dementia  paralytica. 
It  is  probably  connected  with  lesion  of  the  sympathetic  or  of  the 
cerebro-spinal  centres  with  which  the  latter  is  united.  Compres- 
sion of  the  cervical  sympathetic  by  tumour  gives  rise  to  cutaneous 
redness,  contraction  of  the  pupil,  and  increased  perspiration  on 
the  same  side  of  the  head  (Gairdner,  Ogle,  Vemeuil).  In  a 
case  of  unilateral  sweating  of  the  head,  described  by  Frankel, 
pathological  changes  consisting  of  varicose  dilatation  of  the 
vessels  and  commencing  pigmentary  degeneration  of  the  ganglion 
cells  were  found  by  Ebstein  in  the  inferior  cervical  ganglion  of 
the  83'mpathetic  of  the  same  side.  Guttraann  has  published  a 
case  in  which  unilateral  sweating  of  the  head  was  associated  not 
with  contraction  but  dilatation  of  the  pupil  of  the  same  side, 
along  with  slight  exophthalmos.  Meyer  has  shown  that  by  gal- 
vanisation of  the  cervical  sympathetic  in  man  an  increased  secre- 
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lion  of  sweat  as  well  as  a  slight  rise  of  temperature  may  be 
iduced  in  the  arm  of  the  same  side.     Nitzelnadel  has,  on  the 
other  hand,  found  that  in  a  case  of  hyperidrosis  unilateralis 
galvanisation  of  the  sympathetic  was  followed  by  dimioution  of 

»lhe  secretion.     Przewoski  has  recently  shown  that  galvanisation 
of  the  cervical  sympathetic  in  healthy  men  influences  the  circu- 
lation both  in  the  half  of  the  head  aud  the  arm  of  the  same 
Bide,  and  either  increase  or  diminution  of  secretion  and  tem- 
perature may  occur  according  to  the  choice  of  electrodes  and 
the  method  of  application.  Some  cases  of  unilateral  hyperidrosis 
cannot  be  explained  on  the  supposition  of  an  afTection  of  the 
cervical  sympathetic.      In  a  case  described  by  Pokroffsky*  a 
^profuse  perspiration  burst  out  over  the  right  half  of  the  face 
Hof  the  patient  always  during  meals,  which  appears  to   have 
been  connected  with  an  old  parotitis  implicating  the  right  facial 
nerve,  and  leading  to  a  slight  degree  of  asymmetry  of  the  face. 
Anidnms  is  a  frequent  symptom  of  fevers,  diabetes  inellitus, 
cbrooic  Bright's  disease,  and  of  certain  skin  diseases.     This  con- 
bdition  is  also  often  associated  with  many  profound  neuroses,  as 
Bdementia  paralytica.     The  diminution  of  perspiration,  which  is 
f  csTued  by  various  toxic  agents,  such  as  atropine,  is  evidently  due 
to  action  on  the  nervous  system.      Abnormal  dryness  of  the 
^•Jcio  is  also  observed  as  a  local  symptom  in  association  with 
Hoiher  nutritive  changes.     A  good  example  of  local  dryness  of 
■  the  akin  occurs  in  unilateral  atrophy  of  the  face,  and  a  similar 
^  local  condition  may  also  be  found  on  the  extremities   in  the 
wane  of  the  most  different  corebral,  spinal,  and  peripheral 
chronic  nervous  affections. 

Paridroaea  of  the  cutaneous  secretion  due  to  nervous  disease 
are  of  various  kinds,  and  no  doubt  further  observations  will 
greatly  add  to  their  number.  In  some  nervous  affections  the 
secretion  manifests  a  peculiar  odour  (O.smidrosis).  The  American 
surgeons  observed  excessive  sweating,  with  strong  odour  of 
vinegar,  after  severe  contusions  of  peripheral  nerves;  and  in 
one  case  the  smell  resembled  that  from  a  bad  drain.  The 
secretion  at  other  times  becomes  changed  to  a  black,  blue,  red, 
or  green  colour  (Chromidrosis).  Coloured  perspiration  occurs 
generally  in  hypochondriacs,  in  women  with  uterine  disorders 

•Berlin  Klin  Wochenichrift,  1875,  No.  IS. 
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of  various  kinds ;  or  as  the  result  of  grief,  fright,  and  other  emo- 
tional disturbances.  In  some  few  cases  extravasation  of  blood 
takes  place  into  the  sweat  glands,  giving  rise  to  bloody  sweat- 
ing or  hiPmidrosis.  This  condition  appears  occasionally  to  be 
vicarious  of  the  menstrual  flux  (Hebra),  but  it  is  usually  asso- 
ciated with  hysteria  and  other  central  nervous  affections. 


m 


§  117.  Theory  of  Cutaneous  Trophic  Affections. — Patholo- 
gical facts  appear  to  warrant  the  inference  that  the  cutaneous 
trophic  and  secretory  fibres  are  distributed  to  the  surface  along 
with  the  sensory  fibres.  The  central  course  of  these  fibres  is  not 
easy  to  determine,  but  they  apparently  pass  through  the  inter- 
vertebral ganglia  and  posterior  roots  to  join  the  posterior  horns 
of  the  grey  matter  of  the  spinal  cord.  Whe  central  and  posterior 
parts  of  the  grey  substance  of  the  spinal  cord  appear  to  stand  in 
the  same  relation  to  the  nutrition  of  the  skin  that  the  anterior 
horns  of  grey  matter  do  to  the  nutrition  of  the  muscles  and 
joints.  The  central  course  of  the  cutaneous  trophic  fibres  is 
unknown,  but  these  fibres  cannot  be  regarded  as  identical  with 
the  cutaneous  vaso-raotor  nerves,  since  the  latter  pass  out  along 
with  the  anterior  roots  to  join  the  sympathetic  through  the  rami- 
communicantes,  and  appear  to  pass  through  the  cord  in  the 
antero-lateral  columns. 

That  the  cutaneous  trophic  fibres  are  associated  with  the  sensory  and 
not  with  the  motor  fibres  of  the  peripheral  nerves  is  shown  by  the  facta  that 
these  nutritive  diaturbances  are  almost  always  accomiianied  by  severe  pains, 
and  other  forms  of  disordered  sensation ;  and  that,  when  the  motor  and  sen- 
sory fibres  are  found  in  separate  nerves,  such  aa  the  facial  and  fifth,  the  nutri- 
tive affections  are  always  caused  by  disease  of  the  sensory  nerves.  AVhat 
part,  if  any,  the  ganglia  of  the  posterior  roots  take  in  the  production  of  peri- 
pheral nutritive  affections  is  not  known.  The  cutaneous  nutritive  affections 
caused  by  disease  of  the  spinal  cord  are  also  almost  always  aooompaniad 
by  severe  sensory  disturbances.  The  cutaneous  eruptions  observ«d  in 
loooraotor  ataxy  always  mako  their  appearance  simultaneously  with 
paroxysms  of  lancinating  pains.  The  anatomical  substratum  of  loco- 
motor ataxy  is,  as  is  well  known,  sclerosis  of  the  posterior  root-xonas 
(Fig.  11,  pr);  and  Charcot  attributes  the  various  sensory  disturbanoaa, 
which  accompany  the  early  stages  of  this  disease,  to  irritation  of  the 
internal  radic\dar  fatciculv4  {Fig.  11,  pr').  Charcot  thinks  that  the 
cutaneous  trophic  fibres  also  pass  through  this  bundle,  and  that  thaae 
fibres  are  consequently  liable  to  irritatiou  simultaueously  with  the  other 
fibres  which  it  contains. 
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The  outaneous  nutritive  diaordera  which  accompany  acute  and  chronic 
mjelitia  are,  when  not  resulting  from  implication  of  the  fibros  of  the 
iDt«mal  radicular  faaciculus,  due  to  disease  of  the  central  grey  tube.  That 
tbeaa  disorders  are  caused  by  disease  of  the  posterior  or  sensory  and  not 
of  the  anterior  or  motor  portion  of  the  grey  substance  is  concluairely 
•hown  by  the  facts  that  they  are  entirely  absent  in  infantile  paralysis  and 
the  other  diseases  limited  to  the  anterior  grey  horns  ;  and  that  not  only 
■re  they  present  in  difiused  diseases  of  the  grey  substance,  but  aliio  that  in 
nnilateral  affections  of  the  cord  the  acute  bed-sore  forms  not  on  the  para- 
lyaed  but  on  the  anmsthetic  side.  Very  little  is  known  in  regard  to  the 
connection  of  the  spinal  cutaneous  trophic  centres  with  the  brain.  It  is 
probfkble  that  some  of  the  minor  outaneous  eruptions  which  occur  in 
eersbral  disease  may  be  due  to  vaso-motor  irritation,  while  some  of  the 
MTwer  affections  are  caused  by  a  simultaneous  affection  of  the  spinal  cord, 
or  of  a  peripheral  nerve.  After  deducting  these,  however,  a  considerable 
Domber  of  cases  remain  unaccounted  for,  and  it  must  therefore  be  sup- 
posed that  the  spinal  cutaneous  trophic  centres  are  represented  by  a 
higber  centre  in  the  brain,  but  whether  it  is  situated  in  the  medulla 
oblongata,  or  pons,  or  in  the  cortex  of  the  brain  is  not  known. 

The  next  question  to  be  determined  is  whether  the  cutaneous  nutritive 
diaorders  depend  upon  paralysis  or  irritation  of  the  trophic  fibres  and  their 
continuation  through  the  cord  and  brain.  The  careful  observations  of 
Weir  Mitchell,  Morehouse,  and  Keen,  of  those  who  suffered  from  wounds 
and  other  injuries  of  the  nerves  duriug  the  American  war,  appear  to  favour 
the  opinion  that  cutaneous  trophic  disorders  supervene  in  those  cases  in 
which  nerved  suffer  partial  injury  without  being  completely  severed  from 
tbair  aerre  centres.  These  disturbances  arise  while  the  wound  is  healing ; 
Umj  are  often  related  to  an  attack  of  inflammation  in  or  about  the  wound, 
and  are  usually  associated  with  neuralgic  and  paralgic  phenomena,  and 
rarely  with  complete  anaesthesia  and  paralysis.  It  must  also  be  remem- 
bered that  after  gun-shot  wounds  and  other  severe  injuries  of  nerves  the 
trophic  disorders  may  appear  above  the  level  of  the  wound  as  well  as 
below  it 

The  nutritive  disorders  which  accompany  disease  of  the  spinal  cord 
alao  appear  to  favour  the  theory  of  an  irritation  rather  than  a  paralytic 
lesion.  The  cutaneous  eruptions  which  occur  in  the  course  of  locomotor 
ataxy  are  awociated  with  severe  paroxysms  of  lancinating  pains  ;  while 
acute  bed-sore  is  associated  with  traumatic  injuries  of  the  cord,  acute 
ceuiral  myelitis,  and  hajmatomyelia ;  all  of  them  being  affections  in  which 
the  paralytic  phenomena  are  likely  to  have  been  preceded  by  symptoms 
of  irritatiou.  It  has  also  been  pointed  out  by  Charcot  that  many  of  the 
■ymptomjt  which  accompany  the  formation  of  acute  bed-sore  are  indeed 
indicative  of  irritation,  rather  thou  paralysis.  The  most  usual  of  these 
■ymptoma  are  priapism,  clonic  convulsions  in  the  paralysed  limbs,  tonic 
convalsiona  coming  on  in  paroxysms,  while  anossthesia  of  the  paralysed 
parts  ia  by  no  means  constant.     Post-mortem  examination  also  reveals 


in  these  cases  the  presence  of  purulent  infiltration  and  other  evidenoaa 
of  an  iuflammatory  process.  It  is  not  improbable,  however,  that  chronic 
decubitus  may  be  caused  by  paralysis,  instead  of  irritation  of  trophic 
centres  or  fibres,  inasmuch  as  it  appears  in  the  terminal  i>eriods  of  chronic 
spinal  affections,  and  has  then  the  characteristics  of  a  passive  rather  than 
an  active  process.  In  a  case  of  transverse  myelitis  from  disease  of  the 
vertebral  column,  recently  under  my  care,  the  formation  of  a  chronic  bed- 
sure  was  preceded  by  complete  ausesthesia  of  the  inferior  extremities,  and 
of  the  sacro-gluteai  region.  This,  however,  only  shows  that  centripetal 
conduction  through  the  cord  was  interrupted  at  the  seat  of  the  disease— 
the  middle  dorsal  region — while  it  is  quite  possible  that  the  cutaneoai 
spinal  trophic  centres  of  the  gluteal  region  were  in  a  state  of  irritation. 
The  case,  therefore,  affords  no  trustworthy  evidence  ia  either  direction. 
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(rV.)-NUTHITIVE  AFFECTIONS  OF  THE  JOINTS  AND  BONES. 
Articular  and  Osseous  TropkoTieu,roaea. 

Pathological  facts  appear  to  show  that  the  trophic  fibres  of  the 
bones  and  joints  are  found  in  the  mixed  nerve  trunks,  and  that 
these  issue  along  with  the  motor  fibres  from  the  anterior  cornua, 
where  they  are,  like  the  muscular  trophic  fibres,  connected  with 
a  group  of  large  caudate  cells.  It  ia  impossible  to  say  at  present 
in  what  way  these  trophic  fibres  and  cells  are  connected  with 
the  brain,  but  there  can  be  tittle  doubt  that  such  a  connectioa 
exists. 

§  118.  Affections  of  Periplural  Origin. — Afifections  of  the 
joints  are  very  frequent  in  connection  with  traumatic  injuries  of 
nerve  trunks  in  which  the  nerves  are  not  completely  divided.  It 
has  already  been  pointed  out  that  it  is  those  partial  injuries  of 
the  nerves  which  cause  nutritive  affections  of  the  skin,  hairs,  and 
nails,  as  well  as  rapid  atrophy  of  the  muscles;  and  the  same  ia 
true  with  respect  to  the  trophic  changes  of  the  joints  and  bones. 
The  nutritive  affection  of  the  joints  may  occur  at  any  time  sub- 
sequent to  the  first  few  days  after  the  injury  to  the  nerve^  and 
consists  in  a  painful  swelling,  very  similar  to  the  condition  of 
the  joints  in  subacute  articular  rheumatism.  This  swelling 
may  attack  any  or  all  of  the  articulations  of  a  limb.  The 
affection  is  distinct  from  the  early  swelling  due  to  inflammation 
about  the  wound,  and  it  is  not  a  part  of  the  inflammatory  oedema, 
which  is  a  common  consequence  of  wounds.     After  the  acute 
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the  tissues  about  the  articulations  become  hard,  and  par- 
anchylosis  results,  which  may  ultimately  destroy  the 
mobility  of  the  joint  (Weir  Mitchell).  Fischer  succeeded  in 
reducing  experimentally  in  animals  disease  of  the  joints, 
milar  to  those  observed  in  man,  as  the  result  of  disease  of 
Uie  nervea  Swelling  and  thickening  of  the  bones  may  occur 
as  the  result  of  injuries  to  nerves,  and  this  may  be  followed  at 
a  later  period,  in  young  people,  by  decided  arrest  of  the  growth 
of  the  bone  (Eulenburg,  Ogle,  Blum).  These  nerve  lesions  may 
also  be  followed  by  periostitis  and  subsequent  necrosis.  In 
progressive  cases  of  unilateral  atrophy  of  the  face,  the  bones  of 

I  the  face  participate  to  some  extent  in  the  wasting. 
§  119.  Oaaeoua  Affections  of  Spinal  Origin. — Attention  has 
recently  been  drawn  by  Charcot  and  his  scholars  to  the  great 
frequency  with  which  nutritive  changes  occur  in  joints  in 
central  diseases  of  the  nervous  system.  These  affections  may 
be  subdivided  into  two  kinds — those  which  run  an  acute  or  sub- 
acute course,  and  those  which  assume  a  chronic  form.  The  first 
variety  is  accompanied  by  tumefaction,  redness,  and  at  times  by 
more  or  les.*  severe  pain.  The  acute  form  occurs  in  cotmeetion 
with  Potttt'  curvature,  as  a  consequence  of  traumatic  lesions 

P(Vigue8  and  Joffroy),  and  idiopathic  myelitis  (Gull).     The  in- 
fluence of  infantile  paralysis  on  the  autrition  of  the  bones  of  the 
aSected  limb  is  well  known,  the  bones  of  the  diseased  extremity 
^L  being  often  thinner  and  shorter  than  those  of  the  healthy  limb. 
H .Articular  affections   have  also  been  observed   in  progressive 
^P  muscular  atrophy  and  disseminated  sclerosis.     The  articular 
affection  begins  either  with  or  without  pain,  but  the  tumefaction 
and  redneKS  may  be  so  marked  as  to  simulate  acute  rheumatism. 
Tlis  Chronic  Fai-m  of  articular  disease  due  to  lesion  of  the 
H  nervous  system  was  first  accurately  described  by  Charcot,  and 
^  it  is  especially  observed  in  connection  with  locomotor  ataxia. 
The  deformities  of    the   joints    produced    by   this    affection 
usually  occur  in    the   large  joints    of   the    extremities,  and 
mora  especially  in  the  knee,  hip,  shoulder,  and  elbow  joints. 
The  affection   usually   begins   about   the  same   time  as  the 
symptODOa  of  motor  inco-ordination,  and  its  onset  is  accom- 
panied or  preceded  by  severe  paroxysms  of  lancinating  pains. 
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The  symptoms  begin  suddenly  in  the  alisence  of  any  appre- 
ciable external  cause,  generally  without  any  pain  or  febrile 
reaction,  and  the  joint  may  be  enormously  swelled  within 
twenty-four  hours  from  the  commencement  of  the  affectioa 
The  general  tumefaction  disappears  after  a  few  days,  but  a  more 
or  less  considerable  swelling  remains,  due  to  the  accumulation  of 
serous  fluid  in  the  joint,  and  in  the  periarticular  serous  bursse. 
One  or  two  weeks  after  the  invasion,  the  fluid  disappears  from 
the  joint.  In  the  benign  form  of  the  affectioa  a  complete  cure 
may  be  obtained,  but  in  the  malignant  form  the  articular  sur- 
faces become  greatly  altered  and  roughened,  so  that  cracking 
sounds  are  heard  on  movement.  After  a  time  the  heads  of 
the  bones  become  atrophied  and  worn,  the  ligaments  become 
relaxed,  and  the  surrounding  muscles  atrophied  and  enfeebled, 
so  that  the  joint  a-ssumes  undue  mobility,  and  spontaneoas 
luxations  occur.  Spontaneous  fractures  in  connection  with 
supposed  symptoms  of  paralysis  have,  from  a  remote  period, 
been  observed  by  surgeons ;  but  it  is  probable  that  the  symp- 
toms were  really  ataxic  and  not  paralytic.  It  is  very  probable 
that  these  arthropathies  are  dependent,  as  Charcot  asserts,  upon 
disease  of  a  certain  group  of  the  targe  ganglion  cells  of  the 
anterior  horns.  In  two  cases  examined  by  Charcot  and  Jeffrey 
the  anterior  horns  of  grey  matter  were  found  remarkably 
atrophied,  and  a  considerable  number  of  the  large  ganglion 
cells,  especially  of  the  po a tero- lateral  group,  were  atrophied  or 
completely  destroyed.  In  unilateral  articular  affections  of  this 
kind  these  changes  were  observed  only  on  the  corresponding 
side  of  the  cord,  and  when  the  shoulder  joint  was  exclusively 
affected  the  disease  was  found  only  in  the  cenncal  region,  and 
when  the  knee  joint  was  alone  implicated  the  disease  was  found 
limited  to  the  lumbar  portion  of  the  cord.  In  three  cases 
examined  by  Joffroy,  and  in  one  observed  by  Coyne,  no 
alteration  of  the  cells  of  the  anterior  horns  was  found. 

Fractures. — Spontaneous  fractures  have  attracted  the  atten- 
tion of  surgeons  from  a  remote  period,  but  these  accidents  were 
attributed  to  the  influence  of  certain  diatheses,  such  as  gout, 
rheumatism,  scrofula,  and  cancer.  Larrcy  drew  special  attention 
to  the  fact  that  a  certain  form  of  paralysis  of  the  lower  extie* 
mities  was  associated  with  a  strong  predisposition  to  fractures  of 
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their  bonea.  In  the  record  of  this  case,  however,  it  is  mentioned 
that  the  so-called  paralytic  symptoms  were  associated  with 
Amaorosis  and  great  exaltation  of  the  sensibility  of  the  lower 
extremities,  which  renders  it  almost  certain  that  the  symptoms 
were  not  due  to  paralysis,  but  to  ataxia.  In  1H73  Weir  Mitchell 
drew  attention  to  the  frequency  of  spontaneous  fractures 
in  locomotor  ataxia,  and  suggested  that  during  the  pro- 
gress of  the  disease  the  bones  had  undergone  nutritive 
changes  which  greatly  diminished  their  resistance.  This 
subject  was  subsequently  investigated  by  Charcot  and  his 
^^followers,  with  their  usual  thoroughness  and  success.  The 
^neriod  of  fracture  is  generally  preceded  by  two  or  three 
^piaroxysms  of  lancinating  pain  of  unusual  severity,  and  at  the 
'^Hune  time  the  limb  is  found  swollen,  and  with  all  the 
■ymptoms  of  osteo-periostitis;  and  fracture  occurs  on  the  slightest 
movement  of  the  limb,  or  in  the  entire  absence  of  any  move- 
ment or  other  external  cause.  The  femur  is  more  frequently 
fractured  than  any  other  bone,  the  seat  of  fracture  being 
frequently  the  neck  of  the  former ;  but  the  bones  of  the  leg,  arm, 
forearm,  and  indeed  almost  every  bone  of  the  limbs  and  trunk, 
have  been  found  fractured,  including  the  vertebral  column. 
Multiple  fractures  in  the  same  patient  are  by  no  means 
uncommon,  and  in  a  case  published  by  Charcot,  the  patient, 
towards  the  close  of  life,  could  scarcely  move  in  bed  without 
fracturiug  some  one  or  other  of  the  few  bones  which  had  not 
already  been  fractured.  Damaschino  has  drawn  attention  to 
the  tact  that  the  spontaneous  fractures  of  ataxics  reunite  very 
readily  and  rapidly  with  an  enormous  formation  of  cullus. 


'  §  120.  Osaecua  Affections  of  Cerebral  Origin. — The  arthro- 
pathies of  bemiplegic  patients,  which  were  first  described  by 
Soott  Alison,  Brown-S^quard,  and  Charcot,  are  of  the  same  kind  as 
the  acute  arthropathies  of  spinal  origin.  Cerebral  arthropathies 
have  been  observed  in  connection  with  softening,  ha?morrhage, 
and  intracranial  tumours,  but  they  are  more  frequently  asso- 
ciated with  softening  than  either  of  the  other  lesions.  This 
articular  affection  usually  attacks  the  joints  of  the  hand  or  foot, 
and  only  very  rarely  the  elbow  or  knee  joint  The  affection 
begins  with  a  slight  swelling  and  local  increase  of  temperature, 
P 
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either  with  or  without  pain  ia  the  joint ;  and  at  times  the  tume- ' 
faction  and  redness  are  so  marked  as  to  resemble  the  articular 
affections  of  acute  rheumatism.  The  sheaths  of  the  tendons  are 
sometimes  affected  along  with  the  joints.  These  arthropathies 
occur  usually  at  the  time  late  rigidity  sets  in,  or  from  fifteen 
days  to  a  month  after  the  attack  of  apoplexy.  They  may,  how- 
ever, appear  at  a  much  later  period ;  while  Weir  Mitchell,  on 
the  other  hand,  observed  in  one  case  arthritis  three  days  after 
an  attack  of  apoplexy,  and  in  a  second  case  the  joint  affection 
showed  itself  the  day  following  the  cerebral  attacL  The  nature 
of  the  affection  was  shown  by  Charcot  to  be  a  true  synoviti*  J 
with  multiplication  of  the  nuclear  and  fibroid  elements  of  tbeH 
articular  serous  membrane.  In  severe  cases  a  sero-fibrinous  ' 
fluid  mixed  with  white  blood  corpuscles  is  exuded,  which  may 
be  sufliciently  abundant  to  distend  the  synovial  cavity.  The 
tendinous  synovial  sheaths  in  the  neighbourhood  of  the  affected 
joints  participate  in  the  inflammation. 

The  frequent  coincidence  in  time  of  the  appearance  of  these 
arthropathies  and  of  late  rigidity  would  appear  to  indicate 
that  the  former  are  due  to  descending  changes  in  the  pyra- 
midal tract  and  probably  also  secondary  implication  of  the 
ganglion  cells  of  the  anterior  comua  of  the  sp'mal  cord ;  batfl 
in  two  cases  observed  by  Charcot  the  autopsies  showed  complete 
absence  of  every  change  in  the  neiTes  and  spinal  cord,  and  of 
secondary  descending  sclerosis  of  the  lateral  columns.  Hitzig 
thinks  that  the  arthritis  is  of  traumatic  origin  and  due  to  the 
displacement  of  the  surfaces  of  the  joints,  caused  by  paralysis  of 
the  muscles  surrounding  them.  This  explanation  may  suffice 
for  the  arthropathies  which  occur  long  after  the  paralysis  has 
become  established ;  but  it  will  not  account  for  the  joint  affections 
occurring  a  few  days  after  the  attack.  Scott  Alison  attributed 
the  arthritis  to  diminution  of  the  vitality  of  the  affected  parts, 
permitting  the  previously  existing  poison  of  the  uric  acid  diathesis 
to  act  on  the  joints  of  the  paralysed  limbs.  Charcot  also  appears 
to  incline  towards  this  theory,  and  adduces  in  its  favour  the 
observation  that,  at  an  autopsy  of  a  hemiplegic  patient,  in  the 
joints,  which  during  life  had  frequently  been  the  seat  of  pain 
and  swelling,  deposits  of  urate  of  soda  were  found,  while  nothing 
of  the  kind  was  observed  in  the  jointa  of  the  opposite  aide. 
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§  121.  Osseous  Lesions  in  the  Insane. — Attention  has  of 
recent  years  been  directed,  especially  in  England,  to  the  very 
important  morbid  changes  of  the  osseous  system  which  occur 
amongst  the  insane.  These  affections  are  of  two  kinds,  although 
they  are  probably  fundamentally  the  same.  In  one  of  these  the 
bones  become  so  soft  that  they  yield  readily  to  pressure  and  thus 
produce  various  deformities.  In  the  other  form  the  bones  become 
so  fragile  that  they  are  found  after  death  to  crumble  under  the 
finger  and  thumb,  and  are,  of  course,  during  life  liable  to  fracture. 
The  morbid  changes  which  occur  in  the  bones  of  the  insane  are 
closely  related  to  those  which  occur  in  the  spontaneous  fractures 
of  locomotor  ataxia 


(V.>— NXTTRITrVE    AND    SECRETORY    AFFECTIONS    OF    THE 
GLANDULAR    APPARATUS. 

It  waa  shown  by  Pfliiger  that  the  nerves  of  the  sub- 
maxillary gland  terminate  in  fine  threads,  which  are  con- 
nected with  and  terminate  in  the  secretory  cells  of  the  gland, 
and  it  is  very  probable  that  the  secretory  nerves  of  other 
glandular  organs  have  a  similar  termination,  With  respect  to 
the  lachrymal  gland,  Boll  has  observed  fine  terminal  threads 
distributed  between  the  cells  of  the  gland.  The  various  ex- 
perimental and  pathological  facts  which  have  been  collected 
show  that  the  secretory  nerves  are  quite  independent  of  the 
vaso-motor  nerves  of  these  organs,  and  that  not  merely  the 
secretion  but  even  the  development  of  the  glands  is  under 
the  influence  of  these  nerves  (Heidenhain). 


§  122.  Trophoneuroses  of  the  Salivary  Glands. — Secretory 
disturbances  of  the  large  salivary  glands  may  occur  in  connection 
with  lesions  of  the  peripheral  fibres  of  the  trigeminus,  of  the 
facial  nerve,  or  of  the  cervical  sympathetic.  In  trigeminal 
neuralgia  an  increased  secretion  of  saliva  is  not  an  unfreipieut 
symptom,  due  to  reflex  irritation  conveyed  through  the  lingual 
nerve  of  the  fifth  as  the  afferent,  and  the  chorda  tympani  as  the 
efferent  channel  Stimulation  of  the  glosso-pharyngeal  is  even 
more  effectual  in  increasing  the  flow  of  saliva  than  stimulation 
■f  the  lingual  nerve.  If  the  chorda  tympani  be  divided  the 
of  saliva  from  the  submaxillary  gland  is  arrested  from  want 
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of  efferent  impulses ;  but  if  the  peripheral  portion  of  the  nerve 
be  stimulated  a  copious  secretion  of  a  thin  watery  saliva  at  once 
takes  place,  while  the  arteries  of  the  gland  become  dilated. 
That  the  increased  secretion  does  not  depend  upon  the  vaso- 
motor action  of  the  stimulated  nerve  is  shown  by  the  fact  that 
when  the  chorda  tympani  is  energetically  stimulated  the 
pressure  acquired  by  the  naliva  in  the  duct  exceeds  for  the  time 
the  arterial  blood-pressure. 

In  peripheral  paralysis  of  the  facial  nerve  there  is  often  a 
diminution  of  secretion  of  saliva  on  the  paralysed  side.  This 
is  due  to  the  fact  that  the  chorda  tympani  contains  the  secretory 
fibres  for  both  the  submaxillary  and  sublingual  glands  ;  while 
the  secretory  fibres  of  the  parotid  are  contained  in  the  small 
superficial  petrosal  nerve.  In  paralysis  of  the  cervical  sympar 
thetic  a  diminution  of  salivary  secretion  may  be  observed  on 
the  affected  side,  arising  from  the  fact  that  the  parotid  obtains 
a  portion  of  its  secretory  fibres  through  the  cervical  sjrmpathetic. 
Certain  poisons,  as  atropine,  paralyse  the  secretory  fibres  of  the 
chorda  tympani,  and  consequently  lead  to  a  diminution  or  arrest 
of  the  salivary  secretion  ;  other  substances,  as  digitalin,  phyao- 
stigmin,  nicotin,  and,  before  all,  jaborandi,  appear  to  increase 
the  action  of  the  salivary  secretory  fibres  and  lead  to  an  increased 
flow  of  saliva. 

The  secretion  of  saliva  may  be  influenced  by  direct  or  reflex 
action  on  the  intracerebral  secretory  paths.  Bernard  found 
that  an  increased  flow  of  saliva  might  be  produced  by  puncture 
of  the  floor  of  the  fourth  ventricle  behind  the  origin  of  the 
trigeminus.  It  is  possible  that  the  increased  flow  of  saliva 
observed  in  bulbar  paralysis  may  at  times  be  due  to  irritation 
of  this  point.  An  enormously  increased  flow  of  saliva  has  been 
observed  by  Eulenburg  in  dogs  after  destruction  by  the  actual 
cautery  of  portions  of  the  cortex  of  the  brain  lying  in  front  of 
tlie  cruciate  sulcus.  The  saliva  flowed  out  in  a  constant  stream 
from  the  angle  of  the  mouth  on  the  opposite  side  to  the  injured 
hemisphere,  and  was  of  the  same  thin  watery  character  which 
is  observed  after  irritation  of  the  chorda  tympani.  ■ 


§  123.  Trophoneuroses  of  the  Lachrymal  Glands. — Increased 
lachrymal  secretion,  like  increased  salivary  secretion,  often  occuibj 
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trigeminal  neuralgia,  more  especially  of  the  two  first  divisions. 

is  cansed  partly  by  direct  and  partly  by  reflex  irritation  of 

J  secretory  nerves,  which,  according  to  the  experiments  of 
er^enstein  and  Wolferz,  are  partly  contained  in  the  lachrymal 
irve  and  partly  in  the  subcutaneous  malar  nerve.  Electrical 
itation  of  these  nerves  caused  increased  secretion  of  tears  on 
e  aide  of  the  irritation  ;  and  the  same  result  can  be  induced 

a  reflex  manner  by  peripheral  irritation  of  the  first  and  second 
visions  of  the  trigeminus.  Irritation  of  the  branches  of  the 
^minus  may  also  give  rise  to  an  increased  secretion  of  a 
itery,  mucous,  or  even  bloody  fluid  from  the  mucous  membrane 

the  nose,  which  may  also  be  caused  by  irritation  of  the 
iheno-palatine  ganglion,  and  of  the  nerve  branches  which 
ring  from  it. 

Th«  diminished  flow  of  tears  and  of  the  secretion  of  the  mucous  mem- 

Kaa«  of  the  noae,  not  uufrequently  observed  on  the  affected  side,  in  uui- 

Hteral  facial  atrophy  is  probably  due  to  an  affection  of  the  ganglion  of  the 

H^minus,  or  of  individual  branches  of  the  trigeminus.    Afiectious  of  the 

^^p«thetic  may  also  cause  disturbance  of  the  lachrymal  secretion.   After 

tTHunatic  injury  of  the  cervical  sympathetic,  increased  flow  of  tears  is  often 

obmerred  on  the  aflected  side,  which  is  usually  accompanied  by  redness 

I  a  rise  of  temperature  on  the  some  side  of  the  head,  and  by  congestion 

'  Uw  oonjunctioQ.      These  phenomena  are  probably  due  to  vaso-motor 

is,  and  the  copious  flow  of  tears,  which  often  takes  place  at  the  end 

I  ao  attack  of  hemicriuiia,  is  probably  of  a  similar  character.    Many 

lies  in  the  flow  of  the  lachrymal  secretion  are  no  doubt  of  central 

auch  as  the  copious  flow  which  occurs  in  hysterical  attack.s,  and  m 

connection  with  emotional  disturbances,  and  these  are  often  associated 

■imUar  anomalies  of  other  secretions.    Parrot,  for  instance,  has 

erred  a  bloody  condition  of  the  tears  in  connection  with  a  similar  con- 

I  of  the  perspiration  during  severe  hysterical  convulsions. 


§  124.  Trophoneuroses  of  the  Olanda  oftJie  Digeetivt  Tract. — 
le  probable  dependence  of  diabetes  mellitus  upon  the  vaso- 
motor innervation  of  the  liver  has  already  been  mentioned. 
fery  little  is  known  with  respect  to  the  action  of  the  nervous 
em  on  the  formation  of  bile.     Pathological  increase  of  the 
cretions  of  the  stomach  and  intestines  appears  at  times  to 
»pead  partly  on  affections  of  the  vagus,  and  partly  on  afliections 
the  sympathetic  plexuses   and  ganglia.     These  anomalies 
depend  upon  a  central  disturbance,  as,  for  instance,  the 
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vomiting  and  diarrhcea  which  are  not  unfrequently  caused  by 
emotioual  disturbances.  The  considerable  increase  of  the  secre- 
tion of  the  stonaach  observed  in  cases  of  hysterical  vomiting  is 
probably  due  to  irritation  of  the  vagus,  either  in  its  course  or 
in  its  central  origin.  The  vomiting  of  hemicrania,  and  the  in- 
creased secretion  observed  in  cardialgia  and  pyrosis,  are  also  due 
to  vagus  irritation,  either  at  ita  peripheral  or  central  origin. 
Considerable  diminution  of  the  secretions  of  the  stomach  and 
intestines,  giving  rise  to  imperfect  digestion,  wasting,  and  habi- 
tual constipation,  ia  a  frequent  accompaniment  of  grave  neuroses 
like  hysteria,  hypochondriasis,  and  mental  diseases;  or  may  be 
induced  by  various  toxic  agents,  such  as  opium  and  the  prepa- 
rations of  lead. 


§  125.  Trophoneuroses  of  the  Olands  of  the  Genito-UriTiary 
Apparatus. — The  iutluenceof  the  nervous  systemon  thesecretion 
of  urine  is  very  great,  but  the  various  channels  by  means  of  which 
it  is  conveyed  are  not  accurately  ascertained.  Some  of  the  phar- 
maceutical agents  which  increase  the  secretion  appear  to  produce 
a  direct  local  irritation  of  the  secreting  nerves  of  the  kidney, 
while  other  agents  increase  the  secretion  by  raising  the  arterialv 
tension.  Various  anomalies  of  secretion  may  occur  from  the 
uterus,  vagina,  and  mammas  in  hysterical  females,  although  it  is 
doubtful  in  these  cases  whether  the  disturbance  is  due  to  aflfec- 
tions  of  the  vaso-motor  or  of  special  trophic  nerves.  In  the 
condition  which  has  been  described  under  the  name  of  irritable 
uterus,  hysteralgia,  and  other  terms,  there  are  often,  in  addition 
to  the  sensory  disturbance,  numerous  anomalies  of  circulation 
and  secretion,  which  are  probably  of  reflex  origia  Similar  phe- 
nomena may  be  associated  with  cutaneous  neuralgia,  and  more 
especially  with  ilio-lumbar  neuralgia.  In  hysterical  patients 
directly  after  a  paroxysm  there  is  frequently  observed  an 
abundant  secretion  of  mucus,  or  an  increase  of  an  already 
existing  discharge.  Erotic  thoughts  may  give  rise  to  an 
obstinate  mucous  discharge  from  the  vagina  in  the  absence  of 
any  organic  lesion.  Most  of  the  pharmaceutical  agents  which 
increase  or  diminish  the  secretion  of  milk  appear  to  act  through 
the  nervous  system. 

In  men  the  condition  known  as  "irritable  testis"  is  often 
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like  tbe  "irritable  uterus"  associated  with  anomalies  of  circula- 
tion and  nutrition.  Swelling  of  tbe  testicle  and  of  tbe  sper- 
matic cord,  dilatation  of  vessels,  and  varicocele  are  often 
obaerred  along  with  neuralgia  of  tbe  testis ;  and  these  are 
sometimes  of  a  primary,  sometimes  of  a  secondary  natTxre. 
Many  cases  of  spermatorrhoea,  pollutions,  and  aspermatism  may 
probably  be  attributed  to  functional  disturbances  of  secretory  or 
motor  nerve  fibres  arising  io  tbe  lumbar  portion  of  the  spinal  cord. 
Pollutions  appear  generally  to  depend  upon  an  increased  reflex 
irritability  from  peripheral  irritation,  or  upon  increased  excita- 
bility of  the  centre  of  ejaculation  in  the  spinal  cord.  The  latter 
condition  often  occurs  in  grave  diseases  of  tbe  cord,  such  as 
tabes  dorsalis ;  and  it  is  sometimes  associated  with  alterations 
in  the  quality  of  the  semen,  as  immobility  or  even  complete 
absence  of  spermatozoa.  Spermatorrhoea,  on  the  other  hand, 
which  is  not  of  purely  mechanical  origin,  as  that  caused  by 
enlargement  of  the  prostate  gland,  depends  less  upon  an  in- 
crease of  the  secretion  than  upon  a  debility  of  the  vesicul® 
aeminales,  or  of  the  spermatic  conduits. 


I 


fVX)   NUTEITITE  AFFECTIONS  OF  THE  VTSCKEA  fVTSCBRAL 
TROPHONEUROSES). 


§  126.  It  has  not  yet  been  found  possible  to  separate  the 
vaao-motor  and  trophic  fibres  of  the  viscera  with  respect  either  to 
their  anatomical  distribution  or  their  functional  capacities ;  and, 
indeed,  the  existence  of  the  trophic  fibre  can  scarcely  be  said  to 
hare  been  proved.  It  is  therefore  very  doubtful  whether  to 
regard  any  particular  visceral  neuroses  as  a  vaso-motor  or  trophic 
affection.  It  is  more  than  probable  that  the  congestion,  ecchy- 
moses,  and  extravasations,  and  probably  also  various  forms  of 
bydruria  and  albuminura  which  occur  in  connection  with  various 
central  nervous  diseases,  are  due  to  implication  of  the  vaso-motor 
nerves. 

Notwithstanding  numerous  experiments  on  animals,  it  is  still 
doubtful  whether  the  thoracic  and  abdominal  ganglia  and 
plexuses  contain,  besides  the  vaso-motor  fibres,  specific  trophic 
fibres  for  the  viscera;  and  whether,  as  was  first  asserted  by 
Azmann,  these  fibres  arise  out  of  the  spinal  ganglia.    The  asser- 
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tions  of  numeroos  experimentalists,  amongst  trbom  may  be  men- 
tioned Bernard,  Samuel,  Budge,  Adrian,  Schmidt,  and  Schiff, 
are  extremely  contradictory.  The  most  frequent  consequences  of 
extirpation  or  destruction  of  the  ooaliac  and  mesenteric  plexuses 
are  congestion  and  extravasation  of  the  stomach  and  intestines, 
enlargement  and  congestion  of  the  lirer,  and  diabetes,  all  of 
them  symptoms  which  are  probably  due  to  vaso-motor  paralysis. 
The  reaction  of  the  operation  on  the  organism  as  a  whole  is 
also  Tery  variable,  some  authors  having  noted  a  transitory 
emaciation,  while  others  found  that  animals  have  become  fatter 
after  extirpation  of  the  coaliac  ganglion. 
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CHAPTER  VIL 


GENERAL  MORBID  ANATOMY  AND  PHYSIOLOGY. 

It  will  be  useful  to  consider  the  leading  outlines  of  the 
morbid  anatomy  of  the  nervous  system,  before  entering  upon 
details  in  the  special  part.  The  nervous  tissues  consist, 
M  already  mentioned,  of  cells  and  fibres  packed  together  by 
aSMUis  of  connective  tissue  (neuroglia)  so  as  to  form  organs, 
and  supplied  with  blood-vessels,  lymph  spaces  and  vessels, 
and  with  blood.  Now  the  nerve  cells  and  fibres  may  them- 
aelres  be  primarily  diseased,  constituting  the  ■partnchymaioas 
ajfectiona  of  the  nervous  system ;  or  they  may  be  secondarily 
diaeased,  the  primary  affection  occurring  in  the  connective 
tinae,  the  vessels,  or  the  blood;  or  the  disease  may  begin  in 
neighbouring  organs  and  extend  from  these  to  the  nervous 
ttasues.  But  inasmuch  as  the  parenchymatous  diseases  always 
eaiue  secondary  changes  in  the  connective  tissues,  bloocl-vessels, 
and  blood,  and  the  diseases  of  the  latter  react  on  the  parenchyma, 
it  is  not  by  any  means  always  easy  to  distinguish  between 
primary  parenchymatous  disease  on  the  one  hand,  and  the 
diseases  of  the  connective  tissues,  along  with  the  vascular  and 
toxic  neuroses,  on  the  other.  The  term  lesion  is  used  as  a 
generic  expression  for  any  morbid  alteration  of  tissue,  whether 
this  alteration  be  or  be  not  attended  by  such  structural 
ehAoges  as  can  be  recognised  after  death  by  our  means  of 
reaearcb. 


§  127.  Claaaificaium  of  Lesions  of  the  Nervous  System. 

Lesions  of  the  nervous  system  may  be  classified :  I.  According 
to  their  nature ;  II.  According  to  their  form ;  III.  According 
to  the  functional  disturbances  they  produce. 
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(I.)  -CLASSIFICATION 


ACCORDING   TO 
LESION. 


THE   NATURE   OF  THE 


(1)  Inflammation. — Every  part  of  the  nervous  system  is  sub- 
ject to  iDflammatioD,  which,  like  inflammation  of  other  tissues, 
maybe  acute,  sub-acute,  or  chronic  with  respect  to  its  course 
and  development  When  the  afifection  is  acute  it  generally 
ends  in  complete  disintegration  of  the  aflfected  tissue,  which, 
oo  being  mixed  up  with  fluid  and  morphological  elements 
effused  from  the  blood-veasels,  presents  a  pulpy  mass  technically 
called  softening.  When  the  inflammatory  process  is  chronic 
the  tissue  undergoes  degeneration;  but  inasmuch  as  degenera- 
tion may  occur  independently  of  inflammation,  both  kinds  may 
be  included  in  a  separate  group. 

(2)  Degenerations. — Degenerations  of  nervous  tissues  are  of 
various  kinds;  hut  inasmuch  as  in  all  of  them  the  nervous 
tissue,  instead  of  undergoing  softening  as  in  acute  inflamma- 
tion, becomes  somewhat  denser  than  usual,  they  are  called 
scleroses.  From  the  colour  of  the  altered  tissue,  it  is  sometimes 
called  grep  degeneration.  Both  inflammations  and  degenerations 
include  aS"ection8  which  have  begun  in  the  connective  tissues  or 
neuroglia,  the  vessels  and  their  adventitite,  or  the  blood  itself, 
as  well  as  those  which  are  primarily  of  parenchymatous  origin. 

(3)  Vascular  Lesions. — Besides  the  vascular  lesions  which 
accompany  all  inflammatory  and  degenerative  processes,  other 
very  important  diseases  in  connection  with  the  vessels  must  be 
mentioned. 

(i.)  Hyperasmia  and  Ancemia. — The  vessels  are  at  times 
actively  dilated  so  that  an  undue  quantity  of  blood  is  sent  to 
portions  of  the  nervous  system,  while  they  are  at  other  times 
contracted  so  that  the  normal  quantity  is  diminished.  The 
hyperaemia  may  at  times  be  active  and  due  to  high  arterial 
tension  and  active  dilatation  of  the  arterioles,  while  at  other 
times  it  is  passive,  and  is  then  caused  by  some  obstruction  of 
the  blood  along  the  large  veins  of  the  body.  The  anaemia 
to  which  the  nervous  system  is  subject  do  not  differ  from  the 
anasmia  of  other  organs,  and  may  therefore  be  due  to  an  alters- 
tion  of  the  quality  as  well  as  the  quantity  of  the  blood. 

(ii.)  Ha^iwrrkage. — Rupture  of  vessels  with  consequent 
hemorrhage  into  an  organ  is  a  very  common  cause  of  disease 
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of  the  central  nervous  organs,  and  especially  of  the  cerebrum. 
The  rupture  may  at  times  be  due  to  accidental  injury,  but  more 
frequently  it  occurs  in  the  degenerative  period  of  life,  and  is  then 
caused  by  various  degenerations  of  the  coats  of  the  vessels,  such 
as  atheroma  and  the  fibrosis  which  accompanies  Bright's  disease, 
(jji.)  Embolism  and  Thrombosis. — The  morbid  processes  of 
embolism  and  thrombosis,  when  they  occur  in  the  nervous 
•jstem,  are  essentially  the  same  as  in  any  of  the  other  organs  of 
the  body.  The  sudden  arrest  of  the  circulation,  caused  by  oblite- 
ration of  an  artery,  causes  intense  anwmia  and  loss  of  function 
of  the  part  to  which  its  branches  are  distributed.  The  centre  of 
the  iachiEmic  region  usually  undergoes  necrobiosis,  and  its  sub- 
stance becomes  altered  into  a  soft  pulpy  mass  closely  resembling 
inflammatory  softening. 

(4)  Toxic  Lesions. — Various  chemical  agents  circulating  in 
the  blood  induce  morbid  alterations  of  the  nervous  tissues. 

(5)  Traiimatic  Injuries. — Wounds,  contusions,  and  other 
tfanmatic  influences  cause  so  many  alterations  of  nervous 
tiflsues  that  their  results  deserve  to  be  mentioned  amongst  the 
morbid  lesions  of  the  nervous  system. 

(6)  Compression  of  Nervous  Tissiies. — ^The  nervous  tissues 
are  frequently  subjected  to  sudden  or  gradual  compression  from 
Tarious  causes.  One  of  the  most  frequent  causes  of  compression 
is  the  gradual  encroachment  on  the  tissues  of  new  formations, 
no  matter  whether  the  growth  be  outside  the  nervous  tissues 
or  extra-neural,  or  in  the  substance  of  the  tissues  or  intiu- 
nettral.  Other  causes  of  compression  are  fractures  of  the 
cnuoium,  dislocations,  fractures  and  curvatures  of  the  vertebrffi, 
the  formation  and  subsequent  enlargement  of  abscesses  and 
aneurisms,  and  the  growth  of  cysticerci  and  other  parasites. 
Inflammatory  effusions  and  thickenings  of  the  membranes  of 
the  brain  or  cord,  or  of  the  sheaths  of  nerves,  also  injure  the 
nerve  tissues  by  compression  as  well  as  by  extension  of  the 
morbid  process  to  the  nervous  tissues  themselves. 


(H.) 


CLASSIFICATION  ACCORDING   TO   THE  FORM   OF  THE 
LESION, 

(  1 )     Circwmacribed    or  Focal    and   Diffused    Lesions — 

otic  Diseases. — When  a  lesion  is  circumscribed  within 
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definite  limits  it  is  called  a  focal  lesion,  and  whea  it  extends 
over  an  indefinite  area  with  irregular  limits  it  is  called  a 
diffused  lesion.  When  the  lesion  is  limited  to  a  portion  of  the 
nervous  system  which  possesses  a  distinct  functional  unity,  it  is 
called  a  system-disease  or  a  aystemaiic  lesion.  A  lesion  limited 
to  the  pyramidal  tract  in  the  spinal  cord  is  a  good  example  of  a 
system-disease. 

(2)  Molecular,  Molar,  and  Histological  Lesions.  —  In 
order  to  study  these  diseases  under  the  simplest  conditions,  let 
us  suppose  that  the  sciatic  nerve  of  a  frog  is  isolated,  with 
the  gastrocnemius  muscle  attached.  On  being  stimulated  by 
a  strong  faradic  current,  the  muscle  immediately  contracts ; 
but  a  second  shock  through  the  nerve  is  powerless  to  induce 
a  contraction — the  nerve  is  paralysed.  During  the  passage 
of  the  nerve  from  almost  perfect  health  to  complete,  though 
temporary,  paralysis,  the  change  which  it  has  undergone  is 
such  as  cannot  be  detected  by  the  most  refined  chemistry,  or 
by  the  aid  of  the  highest  powers  of  the  microscope.  In  such  a 
case  we  assume  that  the  molecules  of  the  axis-cylinder  have 
come  to  a  condition  of  stable  equilibrium  ;  hence  the  cause  of 
the  loss  of  function  may  be  described  as  a  molecular  lesion. 
it  need  scarcely  be  added  that  a  molecular  lesion  may  also  give 
rise  to  excess,  as  well  as  diminution,  of  functional  activity. 
The  lesion  which  I  have  called  molecidar  has  also  been  termed 
functional,  from  the  fact  that  the  part  affected,  while  giving 
rise  to  definite  functional  deviations,  does  not  present  any 
apparent  structural  changes. 

But  if  a  portion  of  the  sciatic  nerve  be  crushed  or  cut,  the 
conductivity  of  the  nerve  is  destroyed  at  the  point  of  injury, 
and  a  faradic  current  applied  to  the  nerve  on  the  central  side 
of  the  injury  will  not  cause  the  muscle  to  contract.  The  loss 
of  function  in  this  case  is  caused  by  a  lesion,  which  can  be 
recognised  by  the  naked  eye  ;  hence  it  may  bo  called  a  molar 
lesion.  Dr.  Hughhngs  Jackson  has  proposed  to  call  the  molar 
lesion  by  the  name  of  "  coarse  disease,"  and  the  molecular  lesion 
by  the  name  of  "fine  disease" — names  which,  at  least,  possess 
the  merit  of  explaining  themselves.  Between  the  fine  or  the 
molecular  lesion  on  the  one  hand,  and  the  coarse  or  molar  lesion 
un  the  otber^  another  variety  may  be  interposed.     When  the 
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^ft^MMpbological  elements  of  the  nervous  tissues  themselves,  or  of 

^^Vt  tissues  by  which   the  nervous  elements  are  surrounded, 

undergo  alterations  which  can  be  recognised  by  the  aid  of  the 

nueroBCope,  the  morbid  change  of  structure  may  be  called  a 

kiitologieal  lesion. 


(in.)- CLASSIFICATION    ACCORDING    TO  THE  ALTEI^ITIONS  OF 
FUNCTION  PRODUCED  BY  THE  LESION. 

(1)  Irriiative  and  Depressive  Leawns. — When  the  morbid 
alteration  is  attended  during  life  with  excess  of  functional 
activity,  it  is  inferred  that  the  lesion  is  one  of  an  irritative 
character,  or,  in  other  words,  it  is  inferred  that  the  irritability 
of  the  cells  and  fibres  of  the  part  affected  is  increased.  The 
opposite  condition,  when  the  irritability  is  diminished  or 
abolished,  deserves  a  special  name,  and  may  be  called  a 
depressive  lesion. 

(2)  Discharging  and  Destroying  Lesions. — The  morbid  altera- 
tions which  are  attended  by  paroxysnaal  and  excessive  liberations 
of  energy  have  been  called  by  Dr.Hughlings  Jackson  discharging 
lesions.  We  have  seen  that  the  nerve  cells  are  the  main  gene- 
rators and  accumulators  of  energy,  hence  these  lesions  always 
implicate  the  grey  substance,  although  it  is  not  always  easy  to 
draw  a  sharp  line  of  distinction  between  discharges  of  energy 
from  grey  substance  and  those  which  result  from  irritation  of 
nerve  fibres.  When  the  affection  is  accompanied  by  a  distinct 
destruction  of  nerve  tissue,  such  as  occurs  in  h£emorrhage  into 
the  substance  of  the  brain,  Dr.  Hughlings  Jackson  has  named 
it  a  destivying  lesion. 

§  128.  Relation  between  Morbid  Nervous  Structures  and 
Functions. — It  has  already  been  stated  that  when  the 
irritability  of  the  nervous  tissues  is  increased,  or,  in  other 
words,  when  the  molecules  of  the  active  portion  of  these  tissues 
occupy  positions  of  unstable  equilibrium,  the  functional  activity 
of  the  part  affected  is  increased  ;  and,  conversely,  when  the  mole- 
cules occupy  relatively  stable  positions,  the  functional  activity 
of  the  peurt  is  diminished.  The  causes  which  raise  or  depress  the 
irritability  have  already  been  described  (§  IC),  and  when  one 
of  these  causes  is  operative  the  capacity  of  the  affected  part  for 
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functioa  undergoes  corresponding  variations.  Increased  irrita- 
bility of  a  part  demands  increased  activity  of  material  exchanges, 
which  in  its  turn  renders  necessary  an  increased  supply  of 
nutriment ;  and,  conversely,  when  the  irritability  is  depressed 
the  material  exchanges  and  the  nutrient  supply  are  diminiabed. 
It  may  be  inferred,  therefore,  that  a  free  arterial  supply  to 
a  part,  or  a  flushed  condition  of  the  arterioles,  is  the 
necessary  correlative  of  increased  irritability;  and,  conversely, 
that  a  diminished  arterial  supply,  with  an  empty  and  con- 
tracted condition  of  the  arterioles,  is  the  necessary  correlative 
of  diminished  irritability.  These  statements,  however,  can 
only  be  accepted  as  true  within  certain  limits  and  with 
numerous  qualifications.  When  the  brain,  for  instance,  is  very 
freely  supplied  with  blood  so  that  its  substance  becomes  con- 
gested, the  irritability  of  the  tissues  is  no  doubt  at  first 
increased.  It  must,  however,  be  remembered  that  the  cranium 
is  unyielding,  and  its  contents  practically  incompressible,  so  that 
no  additional  quantity  of  blood  can  enter  into  the  intracranial 
vessels  except  by  displacing  a  corresponding  quantity  of  some 
other  fluid.  When,  therefore,  the  vessels  become  dilated  beyond 
certain  narrow  limits  the  nervous  tissue  becomes  compressed, 
the  material  exchanges  within  the  cranium  become  less  than 
when  the  circulation  passes  in  normal  quantity  and  under 
normal  pressure,  and  the  functional  activity  of  the  organ  is 
diminished  or  abolished.  A  similar  process  no  doubt  occurs  in 
the  spinal  cord  and  nerve  trunks.  Congestion  in  them,  when 
carried  beyond  certain  limits,  is  also  attended  with  diminution 
of  function,  due,  no  doubt,  to  compression  of  the  nerve  tissues 
by  the  dilated  vessels.  The  in^Uative  lesion  is  attended  with 
increased  nutritive  activity,  and  consequently  with  free  arterial 
supply ;  but  this  lesion  is  exceedingly  apt  to  terminate  in 
the  opposite  condition  of  diminished  nutrition  and  functional 
activity.  The  first  stage  of  inflammation,  for  instance,  is  an 
irritative  lesion,  and  it  is  attended  by  excess  of  functional 
activity,  manifesting  itself  by  symptoms  of  hyperawthesia  and 
hyperkinesis ;  but  when  the  nervous  tissues  become  partly 
compressed  by  effused  products  and  partly  disorganised  by 
internal  changes,  the  lesion  becomes  depressive,  and  the 
symptoms  of  excess  give  place  to  those  of  diminution  of  func- 
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tibn  ;    in    other  words,   the   symjjtoms  of  hyperaesthesia  and 
byperkinesis  give  place  to  those  of  aDa33thesia  and  akinesia. 

But  if  excess  of  nutrient  activity  is  not  always  accompanied 
by  increased  functional  activity,  neither  is  diminished  nutrient 
activity  always  accompanied  by  diminution  of  functional  activity. 
We  have  indeed  seen  (§  16)  that  when  the  nutrition  of  a  nerve 
fibre  is  gradually  lessened  its  irritability  is  increased  instead 
of  being  diminished.  The  stock  of  irritable  matter  which  the 
nerve  fibre  possesses  is  no  doubt  leas  under  these  circumstances, 
but  an  increased  readiness  to  discharge  the  energy  is  manifested ; 
and  it  is  notorious  that  feeble  and  auiemic  persons  manifest  an 
nadue  readiness  to  respond  to  the  action  of  stimuli  of  all  kinds, 
ft  condition  which  is  correctly  designated  nervous  irrUability. 
One  other  important  consideration  must  be  taken  into  account 
before  the  amount  of  nourishment  supplied  to  an  organ  or  a 
tissue  can  be  accepted  as  in  any  way  a  measure  of  the  func- 
tional activity  of  the  latter.  We  have  seen  that,  when  a  strong 
faradic  current  is  sent  through  the  sciatic  nerve  of  a  frog,  the 
gastrocnemius  muscle  contracts  strongly;  but  a  subsequent 
current  passed  through  the  nerve  is  followed  by  no  reaction 
until  the  irritability  of  the  nerve  is  restored  by  the  absorp- 
tion of  more  nourishment  A  similar  process  no  doubt 
occurs  in  disease  of  the  nervous  system.  When  a  part  is 
■applied  with  an  excessive  amount  of  nourishment,  the 
tissues  become  so  irritable  that  they  discbarge  readily,  either 
spontaneously,  or  in  response  to  stimuli  which  would  not 
affect  them  under  normal  conditions.  Under  these  circum- 
stances, excessive  discharges  of  nervous  energy  readily  take 
place,  and  these  are  followed  by  temporary  loss  of  irritability, 
and  the  tissue  becomes  incapable  for  a  time  of  performing 
its  normal  functions.  The  excessive  liberations  of  energy  from 
the  cortex  of  the  brain,  producing  epileptic  attacks,  for  instance, 
are  accompanied  by  loss  of  consciousness,  which  lasts  for  a 
considerable  time,  and  the  convulsive  phenomena  are  not 
onfrequently  followed  by  temporary  motor  paralysis.  The  energy 
of  the  diacharging  lesion  being  liberated,  the  part  affected 
is  rendered  incapable  of  performing  its  functions,  until  its 
irritability  is  restored  by  the  absorption  of  a  fresh  stock  of 
irritable  matter.     The  primary  eff'ect  of  almost  all  chemical 
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agents  on  the  nervous  system  is  to  stimulate  it  and  to  i 
crease  its  functional  activity,  while  their  secondary  efifect  is  to 
depress  or  abolish  its  functional  activity.  The  stimulant  action 
of  alcohol  on  the  brain,  for  instance,  is  followed  by  a  stage  of 
depression,  which  may  anaount  to  complete  abolition  of  the 
cerebral  functions  or  coma.  Strychnine  increases  the  irrita- 
bility of  the  grey  substance  of  the  spinal  cord ;  but  the  reflex 
actions,  which  are  at  first  greatly  exaggerated,  become  ulti- 
mately abolished,  and  the  animal  poisoned  by  strychnine  often 
dies  from  paralysis.  Curara,  which  may  be  taken  as  the  type 
of  nervous  sedatives,  paralyses  the  terminations  of  the  motor 
nerves,  yet  Bernard  proved  that  it  first  increases  the  irritability 
of  the  fibres. 

The  direct  tendency  of  all  destroying  lesions  is  to  abolish 
function.  It  must,  however,  be  remembered  that  these  lesions 
are  frequently  surrounded  by  a  zone  of  nervous  tissue,  which 
is  in  a  state  of  irritation,  and  the  prominent  symptoms  of  the 
affection  are  often  produced  by  this  zone,  consequently  the 
symptoms  are  indicative  of  excess  of  functional  activity.  A 
gummatous  tumour,  for  instance,  in  the  cortex  of  the  brain  is 
generally  declared  by  epileptoid  convulsions ;  yet  the  direct 
tendency  of  the  tumour,  in  so  far  as  it  has  destroyed  and 
replaced  nervous  tissue,  is  to  abolish  function.  In  such  cases, 
both  the  direct  and  indirect  effects  of  the  tumour  are  often 
manifested;  the  former  by  paralytic  and  the  latter  by  convulsive 
symptoms.  Even  the  iacheemic  softening,  caused  by  plugging  of 
vessels,  is  often  surrounded  by  a  congestive  zone  of  tissue,  aad 
the  latter  may  give  rise  to  symptoms  of  irritation. 
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CHAPTER   Viri. 


OENERAI.  DIAGNOSIS    AND   PROGNOSIS. 


(I.)-DIAON0SI3. 

The  diagnosis  of  disease  of  the  nervous  system  may  be 
divided  into  (1)  the  Topographical  Diagnosis  and  (2)  the 
Pathological  Diagnosis. 

§  129.  Topographical  Diagnoais. — The  aim  of  topographi- 
cal diagnosis  is  to  determine  with  accuracy  the  aeai  of  the 
affection, or  the  localisation  of  the  lesion,  as  it  is  now  called.  This 
aobject  has  been  incidentally  treated  of  when  describing  and, 
to  a  certain  extent,  interpreting  the  symptoms  of  nervous  disease; 
heoce  only  brief  reference  will  be  made  to  it  at  present  One 
lueful  rule  in  determining  the  localisation  of  the  disease  is  to 
place  the  seat  of  the  lesion  at  a  point  where  all  the  affected 
paths  lie  near  together.  This  rule,  however,  demands  consider- 
able caution  in  its  application,  inasmuch  as  a  plurality  of  lesions 
is  frequently  observed.  The  most  practically  useful  classifica- 
tioD  of  nervous  diseases  for  the  purposes  of  topographical 
diagnosis  is  that  which  divides  them  into  (1)  Peripheral,  (2) 
Spinal,  and  (3j  Encephalic  lesions. 

(I)  Peripheral  Lesions. — In  peripheral  lesions  the  functional 
disorders  are  generally  limited  to  single  nerves  or  branches 
of  nerves,  and  the  location  of  the  sensory,  motor,  vaso-motor, 
and  trophic  disturbances  coincides  with  the  distribution 
of  the  affected  nerve.  The  presence  of  muscular  atrophy, 
especially  when  the  muscles  are  supplied  by  a  single  nerve, 
combined  with  the  appearance  of  the  reaction  of  degenera- 
tion in  the  affected  muscles,  the  complete  absence  of  all 
retiex  action,  and  of  all  weakness  of  the  bladder  and  of  the 


2^2 


GENERAL   DIAQVOSIS  AND   PROaXOSH. 


sexual  functions,  are  ia  favour  of  peripheral  paralysis.  Acul 
disease  of  the  anterior  grey  horns  of  the  cord  gives  rise  to' 
muscular  atrophy,  the  reaction  of  degeneration,  absence  of  the 
reflexes  in  the  paralysed  muscles,  while  the  bladder  and  sexual  h 
functions  are  unatfected  ;  hut  in  the  latter  case  the  musclesH 
affected  are  grouped  according  as  they  are  associated  in  the^r 
actions,  while  in  peripheral  paralysis  they  are  grouped  according 
to  the  distribution  of  individual  nerves  and  their  brancUes. 
Valuable  information  may  be  obtained  from  the  history  of  the 
onset  of  the  affection,  which  will  enable  us  to  distinguish 
between  peripheric  paralysis  and  atrophic  spinal  paralysis. 
The  latter  disease  occurs  suddenly,  and  its  onset  ia  generally 
attended  with  severe  general  symptoms,  and  it  occurs  more 
frequently  in  childhood  than  in  later  life;  while  the  former 
disease  may  occur  at  any  period  of  life,  and  when  it  occurs 
suddenly  it  is  generally  caused  by  some  injury  in  the  course  of 
the  nerve,  which  leaves  a  permanent  cicatrix  or  other  indication 
of  the  peripheral  origin  of  the  lesioo.  In  peripheral  paralysis, 
ansesthesia,  limited  to  the  distribution  of  the  affected  nerve,  isi 
generally  present ;  while  the  spinal  forms  of  atrophic  paralysis! 
are  characterised  by  complete  absence  of  sensory  disturbances. 

It  has  been  asserted  by  Weir  Mitchell  that,  in  disease  of  the 
peripheral  nerves,  retardation  in  the  conduction  of  sensatioa^ 
is  never  manifested.  When  a  tumour  simultaneously  presses  ' 
upon  a  large  number  of  nerves,  such  as  the  cauda  equina,  or  on 
the  nerves  at  the  base  of  the  skull,  it  is  not  always  eaay  to 
distinguish  between  paralysis  of  peripheral  and  of  central  origin. 
The  rules  to  be  followed  in  distinguishing  those  affections  must 
be  reserved  for  the  special  part. 

(2)  Spinal Leaiona. — The  most  characteristic  feature  of  spinal 
diseases  is  a  nearly  uniform  ascending  paralysis  of  both  sides, 
constituting  paraplegia.  The  symmetrical  groups  of  muscles  of 
the  lower  extremities,  trunk,  abdomen,  and  upper  extremitie* 
are  paralysed  progressively  from  below  upwards,  according  as 
the  disease  ascends  from  the  lumbar  through  the  dorsal  to  the 
cervical  region  of  the  cord.  Sensory  disturbances  are  also  usually 
present,  though  they  are  not  always  equal  in  extentand  intensity 
to  the  motor  affections.  When  the  motor  paralysis  is  limited 
to  one  half  of  the  lower  part  of  the  body  (hemi-paraplegia)  the 
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sensory  and  motor  disturbances  cross,  so  that  the  one  occupies 
the  one  side  and  the  other  the  corresponding  parts  on  the 
opposite  side.  The  spinal  sensory  disturbances  frequently  con- 
sist merely  of  retardation  of  sensory  conduction  and  various 
parxstbesife,  such  as  numbness,  formication,  and  girdle  sensations 
at  the  upper  limit  of  the  motor  affections.  Sensory  disturbances 
are  absent  in  the  spinal  paralysis  of  children  and  allied  forms, 
a  fact  which  constitutes  an  important  element  in  the  diagnosis 
between  them  and  atrophic  paralysis  of  peripheral  origin. 
Spinal  affections  are  also  frequently  accompanied  by  disturbances 
in  the  functions  of  the  bladder,  rectum,  and  sexual  orgms,  and 
where  the  cervical  region  is  affected  paralytic  myosis  is  often 
presents  The  condition  of  the  various  reflexes,  both  superficial 
and  deep,  are  exceedingly  valuable  in  the  diagnosis  of  spinal 
affections.  These  reflexes  may  be  either  exaggerated,  diminished, 
or  abolished,  and  thus  valuable  information  is  afforded,  both  with 
regard  to  the  nature  of  the  lesion,  whether  irritative  or  de- 
pressive, and  to  the  level  at  which  the  cord  is  affected.  The 
various  vaso-motor  and  trophic  affections,  especially  the  appear- 
ance of  acute  bed-sores  over  the  sacrum,  also  afford  valuable 
evidence  of  the  presence  of  spinal  disease ;  while  the  absence 
of  disturbances  of  the  cranial  nerves,  including  the  special 
senses,  and  of  all  psychical  disturbances,  aid  us  in  distinguishing 
spinal  from  cerebral  disease. 

(3)  Encephalic  Lesions. — The  main  points  on  which  we  rely 
in  distinguishing  cerebral  from  spinal  and  peripheral  disease  are 
the  hemiplegic  distribution  of  the  sensory  and  motor  distur- 
bances, both  being  limited  to  the  same  side  of  the  body,  and 
generally  of  very  unequal  intensity  ;  the  absence  of  all  trophic 
dUturbaucoH,  normal  electric  reaction  of  muscles  and  nerves, 
Mid  retention  or  exaggeration  of  all  reflex  acts,  and  the 
retention  of  associated  and  automatic  movements,  and  of  the 
rectal  and  vesical  functions.  In  intracranial  disease  the  cranial 
nerves  are  frequently  implicated,  while  disturbances  of  speech 
and  of  the  higher  mental  faculties,  both  intellectual  and 
emotional,  are  generally  observed.  The  presence  of  headache, 
giddiness,  and  unaccountable  vomiting  also  afford  valuable  diag- 
nostic signs  of  many  forms  of  cerebral  disease.  The  diagnostic 
ugniScance   of  the   various   forms  of  spasm  and  convulsion. 
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muscular  tension,  contractures,  and  the  different  forms  of  tremor, 
is  too  complicated  a  subject  to  be  fully  discussed  at  present, 
and  must  be  therefore  reserved  for  future  mention. 
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§  130.  Pathological  Diagnosis. — The  aim  of  pathological 
diagnosis  is  to  determine  the  nature  of  the  lesion,  no  matter 
where  it  may  be  situated.  It  may  be  laid  down  as  a  general 
rule,  but  one  re<|uiring  numerous  qualiBcations  and  cautions  in 
practice,  that  a  lesion  which,  in  the  absence  of  traumatic  and 
toxic  influences,  develops  symptoms  of  depression  in  the  course 
of  a  few  minutes,  or  a  few  hours,  is  of  vascular  origin  ;  that  a 
lesion  which  takes  from  a  few  days  to  a  few  weeks  for  the  fall 
development  of  the  symptoms,  and  in  which  the  symptoms  ofj 
irritation  are  followed  by  those  of  depression,  is  of  infiammat(n 
origin  ;  and  that  a  lesion  which  takes  from  two  to  six  months) 
or  longer,  for  the  full  development  of  its  symptoms,  and  in 
which  the  primary  symptoms  of  irritation  are  either  absent  or 
obscured  by  the  more  prominent  symptoms  of  depression,  is  of 
degenerative  origin,  or  due  to  a  slow  and  gradual  compression 
of  nervous  tissue  by  the  growth  of  a  new  formation. 

(1)  Vascular  Lesions. — Thevascular  lesions,  whicharethe  most 
frequent  causes  of  disease  of  the  nervous  system,  are  rupture 
and  hemorrhage,  embolism,  and  thrombosis.     The  lesion  is  more 
likely  to  be  due  to  ba'morrhage  if  the  affection  occur  after  forty-     . 
five  years  of  age,  and  during  the  degenerative  period  of  life,  iCfl 
the  arteries  at  the  wrist  and  temples  be  hard  and  knotty,  if^ 
there  be  some  hypertrophy  of  the  left  ventricle  along  with  an 
accentuated  second  sound  of  metallic  quality  in  the  aortic  area, 
if  the  patient  be  suffering  from  chronic  Bright's  diseaae,  and  its 
attendant  degeneration  of  arteries  and   high  arterial  tension,     i 
and  if  a  well  marked  arcus  senilis  or  other  signs  of  degeneratioafl 
of  tissue  be  present.     It  is  also  probable  that  emphysema  and 
cardiac  diseases  favour  haemorrhage  by  producing  passive  con-^ 
gestion  of  the  brain.  H 

The  lesion  is  more  likely  to  be  embolic  if  the  affection  occurs 
prior  to  the  degenerative  period  of  life,  if  there  is  valvular 
disease  of  the  heart;  and,  where  the  affection  is  of  cerebral  origin 
as  it  generally  is,  if  loss  of  speech  or  aphasia  be  a  prominent 
symptom.     When  the  lesion  is  due  to  thrombosis  the  syn 
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are  as  a  mie  slower  in  their  development  than  in  haemorrhage 
or  embolisra.  The  signs  which  favour  the  idea  that  the  lesion 
IB  due  to  thrombosis  are,  the  supervention  of  symptoms  more 
OT  less  similar  to  those  which  would  be  caused  by  hsemorrhage 
or  embolus,  along  with  evidence  that  the  arteries  are  affected 
either  by  atheroma,  calcification,  or  syphilitic  endo  arteritis. 

(2)  InfiamwitoTy  Lesions. — The  inflammatory  nature  of  the 
lesion  must  be  determined  by  the  mode  of  onset  being  more 
gradual  than  in  vascular  lesions,  the  symptoms  of  depression 
being  preceded  by  those  of  irritation,  and  the  presence  during 
the  development  of  the  affection  of  elevation  of  temperature  and 
other  febrile  symptoms. 

(8)  Degenerative  Lesions. — In  the  degenerative  lesions  the 
mode  of  onset  is  still  more  gradual  than  in  the  inflammatory 
lesions.  Symptoms  of  irritation  are  almost  or  entirely  absent 
daring  the  whole  progress  of  the  case;  while  there  is  entire 
absence  of  pyrexia  as  the  result  of  the  lesion. 

(4)  AVtc  Formaliona. — Tumours  which  compress  the  peri- 
pheral nerves  can  usually  be  detected  by  ordinary  physical  ex- 
amination, and  it  is  only  in  the  case  where  the  tumour  occupies 
the  vertebral  canal  or  the  cavity  of  the  cranium  that  any  special 
difficulty  of  diagnosis  presents  itself.  The  development  of  the 
tymptoms  produced  by  the  growth  of  tumours  is  never  acute, 
and  rarely  very  chronic,  but  no  great  reliance  can  be  placed  on 
tbis  (act  aa  evidence  in  diagnosis.  The  most  valuable  evidence 
U.  indeed,  obtained  from  the  history  of  the  development  and 
the  grouping  of  the  symptoms ;  and  the  presence  of  an  intra- 
Tertebral  or  intracranial  tumour  must  be  inferred  principally  by 
the  method  of  exclusion ;  or,  in  other  words,  by  showing  that 
the  symptoms  could  not  be  caused  by  any  other  known  disease. 
AAer  having  determined  that  the  symptoms  are  due  to  the 
growth  of  a  new  formation,  the  question  as  to  the  nature  of 
tbe  growth  remains  unanswered.  It  would  lead  us  too  far  to 
enter  ou  this  wide  subject  at  present;  but  much  valuable 
information  with  reference  to  this  question  may  be  obtained 
from  a  close  study  of  the  constitution  of  the  patient,  taking 
special  account  of  hereditary  influences.  If,  for  instance,  the 
symptoms  of  intracranial  tumour  are  present  in  a  child, 
wltOM  sister  has  suffered  from  scrofulous  swelling  of  the  knee- 
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joint,  or  in  whose  family  history  other  unmistakable  evidence 
of  scrofula  can  be  discovered,  it  is  probable  that  the 
tumour  will  be  of  scrofulous  origin.  It  is  impossible  at 
present  to  enter  upon  the  wide  subject  of  the  diagnosis  of 
syphilitic  aflfections  of  the  nervous  system  further  than  to 
warn  the  student  of  the  extreme  importance  of  the  subject;  for  fl 
inasmuch  as  there  is  no  severe  organic  disease  affecting  the  " 
nervous  system  in  which  the  results  of  treatment  are  so  often 
satisfactory,  so  there  is  no  disease  which  deservedly  brings  so 
much  discredit  upon  the  practitioner  who  overlooks  its  presence. 
The  causes  of  disease,  both  exciting  and  predisposing,  afford 
valuable  aid  in  diagnosis.  A  history  of  the  patient  having 
been  exposed  to  excessive  fatigue,  cold,  or  traumatic  influences, 
or  having  recently  suffered  from  an  attack  of  one  of  the  acute 
specific  fevers,  including  diphtheria,  or  evidence  which  wonld 
lead  to  the  suspicion  of  some  poison  having  been  taken,  may 
afford  valuable  information  to  aid  us  in  forming  a  correct 
diagnosis. 

(II.)— PROGNOSIS. 

§  131.  It  may  be  stated  as  a  general  law  that,  other  things 
being  equal,  the  prognosis  is  more  favourable  in  affections  of  the 
sensory  than  of  the  motor  mechanism.  We  have  already  seen 
that  the  efferent  impulses  pass  through  much  more  definite 
channels  than  the  afferent  impulses.  The  voluntary  efferent 
impulses  issue  from  large  caudate  cells  in  the  cortex  of  the 
brain,  pass  downwards  through  distinct  meduUated  nerve 
fibres,  to  reach  the  large  ganglion  cells  of  the  anterior  grey 
horns  of  the  spinal  cord,  the  latter  being  connected  by  distinct 
axis-cylinder  processes  with  the  efferent  fibres  of  the  peri- 
pheral nervea  The  structure  of  the  sensory  presents  a  striking 
contrast  to  that  of  the  motor  mechanism.  It  is  true  that 
afferent  currents  from  the  periphery  are  conveyed  by  medul- 
lated  fibres  to  the  spinal  cord  through  the  posterior  roots ;  but 
these  fibres  are  smaller  in  diameter  than  the  corresponding 
fibres  of  the  anterior  roots,  and  on  reaching  the  grey  substance 
they  do  not  appear  to  form  any  definite  connections  with  the 
cells  of  the  posterior  horns,  nor  do  they  appear  to  be  continued 
upwards  uninterruptedly  through  the  cord  to  the  cortex  of  the 
brain.     It  seems  indeed  as  if  the  sensory  conduction  through 
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the  con!  were  largely  effected  by  the  grey  substance,  and  in  a 
diffused  manner.  And  when  the  afferent  fibres  of  the  corona 
radiata  reach  the  cortex  of  the  brain,  instead  of  terminating  by 
definite  connections  with  the  caudate  cells  of  the  internal  layers 
of  the  cortex,  they  are  continued  upwards  to  the  small  cells  of 
the  superficial  layers,  amongst  which  they  terminate,  but  with- 
out forming  any  definite  connections  with  them.  The  definite 
structure  of  the  motor  mechanism  would,  therefore,  lead  us  to 
expect  that  when  any  of  its  fibres  and  cells  are  destroyed  a 
more  or  less  enduring  loss  of  conduction  and  paralysis  will 
result ;  while  the  indefinite  structure  of  the  sensory  mechanism 
would,  on  the  other  hand,  lead  us  to  expect  that  when  some  of 
its  cells  and  fibres  are  destroyed  the  afferent  impulses,  tempo- 
rarily arrested,  will  readily  find  new  channels  of  conduction  in 
the  neighbouring  cells  and  fibres.  This  expectation  is  realised 
in  practice.  Disease  or  injury  of  the  motor  mechanism  is  known 
to  produce  much  more  definite  and  enduring  symptoms  than 
disease  of  the  sensory  mechanism. 

Id  the  spinal  cord  in  animals,  for  instance,  experimental 
section  of  the  lateral  column  produces  complete  paralysis  of  the 
posterior  extremity  of  the  same  side ;  while  complete  loss  of 
sensation  of  the  posterior  extremities  does  not  result  so  long  as 
a  small  portion  of  the  grey  substance  of  the  cord  is  left  intact 
It  is  evident,  therefore,  that  sensory  conduction  is  much  more 
diffused  than  motor  conductioa  Even  in  peripheral  paralysis 
of  traumatic  origin,  when  regeneration  of  the  nerve  takes  place, 
sensibility  reappears  in  the  affected  parts  at  a  much  earlier 
period  than  motor  power.  This  fact  has  led  Baerwinkel  to 
propose  a  valuable  prognostic  test  in  cases  of  severe  traumatic 
paralysisw  If  in  the  first  few  months  after  injury  pressure  on 
the  nerve  below  the  seat  of  the  lesion  is  followed  by  an  excentric 
sensation,  it  may  be  expected  that  regeneration  will  take  place, 
and  that  motor  power  will  subsequently  return. 

It  may  also  be  laid  down  as  a  general  law,  requiring  numerous 
qualifications,  that,  other  things  being  equal,  peripheral  are  less 
serious  than  central  affections,  and  cerebral  less  serious  than 
spinal  affections.  In  the  spinal  cord  the  centres  and  conducting 
paths  occupy  so  small  a  space  transversely  that  a  comparatively 
slight  lesion  may  injure  it  irretrievably ;  while  the  brain  may 
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be  the  seat  of  relatively  large  lesions,  without  any  definite 
symptoms  being  produced. 

The  prognosis  in  a  particular  case  often  depends  to  a  large 
extent  upon  the  cause  of  the  aflfection.  In  the  rheumatic, 
toxic,  syphilitic,  and  hysterical  aflfections,  and  in  those  which 
occur  after  diphtheria  and  other  acute  diseases,  the  prognosis  is 
on  the  whole  favourable.  The  prognosis  in  haemorrhage  depends 
upon  its  extent  and  the  locality  of  the  lesion.  Hseroorrhage 
into  the  substance  of  the  spinal  cord,  unless  it  be  very  limited, 
is  most  unfavourable ;  while  cerebral  hiemorrhage,  unless  of 
large  extent,  is  favourable  so  far  as  partial  recovery  is  concerned. 
Almost  complete  restitution  of  the  functions  may  take  place 
provided  the  fibres  of  the  motor  tract  are  uninjured  ;  but  rup- 
ture of  these  fibres  is  followed  by  descending  changes  in  the 
pyramidal  tract  and  permanent  paralysis  with  contracture  of 
the  affected  extremities.  The  prognosis  in  cases  of  embolism 
and  thrombosis  depends  upon  the  size  of  the  vessel  obstructed, 
upon  whether  collateral  circulation  can  be  readily  established 
or  not,  and  upon  the  functional  importance  of  the  part  to 
which  the  vessel  is  distributed,  obstruction  of  the  vessels 
supplying  the  motor  mechanism  giving  rise  to  more  definite  and  fl 
permanent  symptoms  than  obstruction  of  the  vessels  of  other 
parts. 

Very  little  can  be  said  with  regard  to  prognosis  in  inflam- 
matory affections  of  the  nervous  system.  Acute  and  severe 
inflammatory  attacks  are  often  either  fatal  or  give  rise  to  in- 
curable symptoms.  The  prognosis  in  subacute  inflammations 
is  often  favourable;  while  that  of  the  chronic  inflammations 
and  degenerations  is  always  unfavourable  so  far  as  complete 
restitution  is  concerned  ;  although  they  may  extend  over  a  long 
lifetime  without  producing  symptoms  which  endanger  life. 
Inflammation  of  grey  matter  is  probably  more  immediately 
dangerous  to  life  than  that  of  the  white  substance ;  but  if  the 
danger  of  the  primary  symptoms  is  overcome  the  probability  of  | 
ultimate  recovery  is  much  greater  in  the  former  than  in  the  latter. 
Acute  inflammations  of  the  central  grey  substance  of  the  spinal 
cord  are  almost  uniformly  fatal;  but  the  prognosis  is  by  no  means 
unfavourable  in  subacute  inflammations.  And  although  inflam- 
mation of  the  white  substance  of  the  cord  is  not  so  immediately 
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dangerous  to  life,  the  probability  of  complete  recovery  is  less  than 
witli  inflammation  of  the  grey  substance.  When  the  pyramidal 
tract  U  injured  either  in  the  cord  or  in  its  course  through  the 
brain  the  probability  of  complete  recovery  is  small.  A  certain 
amount  of  degeneration  of  the  tract,  or  loss  of  conduction 
through  it  from  compression,  may  be  recovered  from  ;  but  when 
some  of  its  fibres  are  completely  ruptured  by  a  neighbouring 
hsemorrhage  or  other  cause,  or  when  degeneration  of  the  fibres 
has  lasted  a  considerable  time,  complete  recovery  from  the 
paralytic  symptoms  must  not  be  expected.  When,  therefore, 
the  paralysed  muscles  are  for  some  little  time  the  subjects  of 
muscular  tension,  contractures,  and  exaggeration  of  the  deep 
reflexes,  complete  restitution  is  impossible. 

In  the  atrophic  forms  of  paralysis,  whether  of  spinal  or  peri- 
pheral origin,  much  valuable  aid  in  forming  a  prognosis  is 
obtained  from  electrical  examination  of  the  affected  muscles. 
If  the  faradic  and  galvanic  contractility  of  the  muscles  is  very 
■lightly  diminished  without  any  qualitative  changes,  recovery 
will  be  rapid.  Even  when  the  "reaction  of  degeneration"  is 
present,  and  the  faradic  contractility  of  the  affected  muscles  is 
abolished  for  a  time,  if  slight  voluntary  movement  and  faradic 
contractility  reappear  at  the  end  of  six  weeks  from  the  onset  of 
the  alFection,  recovery  will  be  comparatively  rapid.  If,  how- 
ever, slight  motor  power  and  the  farailic  contractility  do  not 
reappear  until  the  thirtieth  week  from  the  onset  of  the  disease, 
recovery  will  be  very  slow  (extending  over  a  period  of  twelvo 
months),  and  often  imperfect.  When  every  trace  of  both 
&radic  and  galvanic  irritability  has  disappeared  from  the 
muscle,  recovery  is  no  longer  possible. 

Hie  prognosis  in  paralysis  of  whatever  kind  becomes  more 
gtare  when  it  is  accompanied  by  well-marked  anaesthesia  and 
by  decided  vaso-motor  and  trophic  disturbances,  especially  by 
extensive  and  sloughing  bed-sores.  In  spinal  paralysis  the  prog- 
noais  becomes  very  grave  when  the  sphincter  of  the  bladder 
and  rectum  become  paralysed,  and  when  the  urine  is  alkaline 
and  fcttid  and  contains  pus;  while  commencing  paralysis  of  the 
muscles  of  respiration  and  of  deglutition  indicates  impending 
dissolution. 
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[K  tlie  management  of  nervous  diseases  tbe  organism,  aa  a 
whole,  must  be  subjected  to  treatment.  Consequently  the  rules 
to  be  observed  in  the  treatment  of  the  ner^'ous  system  are 
essentially  the  same  as  those  which  experience  has  proved  to 
be  useful  in  the  treatment  of  diseases  of  other  tissues  and 
organs  of  the  bo<ly.  It  is  therefore  unnecessary  to  describe,  in 
detail,  the  principles  which  ought  to  guide  us  in  tbe  treatment 
of  diseases  of  the  nervous  system. 

The  treatment  of  the  nervous  system  may  be  dinded  into 
that  which  is  directed  :  (1)  to  prevent  disease  (prophylactic) ; 
(2)  to  remove  the  exciting  cause  of  the  disease  ;  (3)  to  remove 
the  anatomical  cause  ;  and  (4)  to  allay  or  remove  serioua 
symptoms. 


§  132.  (1)  Prophylaxis. — The  prophylactic  treatment  of 
disease  may,  to  some  extent,  be  regarded  as  part  of  general 
hygiene.  It  consists,  indeed,  of  a  special  application  of  hygienic 
rules  to  the  cases  of  those  who  manifest  inherited  or  acquired 
proclivities  to  certain  diseases  of  the  nervous  system.  A  young 
lady,  for  instance,  whose  mother  has  suffered  from  severe 
trigeminal  or  other  form  of  neuralgia,  should  be  specially  cared 
for,  and  protected  from  mental  excitement  and  unnecessary 
exposure  to  cold,  at  the  period  of  sexual  development,  when 
neuralgia  is  so  apt  to  become  established  for  the  first  time. 
The  children  of  parents  who  manifest  a  predisposition  to  severe 
nervous  disease,  as  hysteria  and  epilepsy,  are  frequently  not 
merely  quick  in  their  perceptive  faculties,  but  are  also  often 
possessed  of  great  intellectual  powers,  and  much  of  their  future 
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happiness  depends  upon  judicious  mental  training  in  youth. 
Even  the  children  of  families,  some  members  of  which  have 
Boffered  from  the  graver  psychoses,  are  no  exceptions  to  this 
rule,  as  it  is  notorious  how  often  "  genius  to  madness  is  allied." 
The  children  of  such  families  ought  not  to  be  subjected  to  any 
■erere  mental  strain  during  the  period  of  bodily  development, 
or  allowed  to  enter  into  competition  with  other  children  in  the 
mental  gymnastics  which  are  so  fashionable  at  our  public 
schools.  On  the  other  hand,  regular,  graduated,  and  systematic 
exercise,  in  the  form  of  walking,  riding,  gymnastics,  and  calls- 
thenica,  does  a  great  deal  of  good  by  strengthening  both  the 
muscular  and  nervous  systems.  Everything  which  tends  to 
develop  the  muscles  of  the  lower  extremities  and  trunk,  and, 
indeed,  all  muscles  engaged  in  executing  the  movements  com- 
mon to  both  man  and  the  lower  animals,  tends  also  to  develop 
the  fundamental  part  of  the  nervous  system  ;  and  a  good  sound 
development  of  the  fundamental  is  the  first  pre-requisite  to  a 
well  balanced  development  of  the  accessory  portion. 

The  order  of  the  development  of  the  nervous  system  in  the 
nee  has  been  from  the  fundamental  to  the  accessory  portions, 
sad  no  one  can  reverse  this  process  with  impunity  in  that  further 
development  of  the  individual  which  constitutes  education  in  its 
widest  sense.  Yet  until  a  few  years  ago  the  natural  order  of 
development  was  reversed  in  the  education  of  youth,  and 
especially  in  female  education,  so  far  as  this  could  be  accom- 
plished by  human  contrivance  and  ingenuity.  The  natural 
order  of  development  was  indeed  observed  so  far  as  to  allow  the 
child  to  acquire  the  power  of  walking  prior  to  that  of  other 
accomplishments,  but  the  care  of  the  infant  had  not  yet  been 
transferred  to  the  professional  trainer.  No  sooner,  however,  ha*l 
what  is  technically  called  education  begun  than  the  professional 
trainer  began  to  exercise  the  small  muscles  of  vocalisation  and 
articulation  so  as  to  acquire  the  art  of  reading,  the  small  muscles 
of  the  hand  so  as  to  acquire  the  art  of  writing,  and  in  the  case 
of  young  ladies  the  still  more  complicated  movements  necessary 
in  running  over  the  key-board  of  a  piano ;  while  little  attention 
waa  paid  to  the  development  of  the  larger  muscles  of  the  trunk 
and  lower  extremities  upon  the  full  development  of  which  the 
future  health  and  comfort  of  the  individual  depends. 
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In  the  education  of  youth,  in  the  present  day,  the  laws  of 
development  and  physiology  are  not  so  openly  violated  and 
defied  as  they  were  a  few  years  ago ;  but  much  yet  remains  to 
be  done  in  this  respect,  and  especially  in  the  education  of  the 
children  of  families  who  manifest  a  neuropathic  tendency.  la 
the  children  of  such  families  the  greatest  possible  care  should 
be  taken  to  develop  carefully  the  fundamental  actions,  inasmuch 
as  a  sound  development  of  these  involves  a  stable  construction 
of  the  fundamental  part  of  the  nervous  system,  a  process  which 
enables  the  latter  to  offer  greater  specific  resistance  to  the 
paroxysmal  discharges  from  the  later  evolved  centres  of  the 
accessory  portion  which  underlie  hysteria,  epilepsy,  and  even 
many  of  the  psychoses.  The  process  of  educating  the  aoceA> 
sory  system,  and  especially  the  higher  centres  of  that  system 
in  young  people  with  a  neuropathic  predisposition,  should 
be  regular  and  systematic  ;  habits  of  mental  scrutiny  and 
self-examination,  which,  unfortunately,  too  many  religious 
teachers  deem  necessary  for  the  welfare  of  the  soul,  ought 
to  be  discouraged.  In  one  word,  education  should  be  matle 
as  concrete  and  objective  as  possible.  By  such  training  it  is 
not  only  possible  to  gain  access  to  the  highest  treasures  of 
the  intellect,  to  poetry,  music,  and  art,  but  such  training 
can  also  bo  made  subservient  to  the  due  development  of  the 
religious  sentiments.  Sentimental  novels,  with  harrowing 
descriptions  of  lacerated  feeling  and  wounded  vanity,  are  to 
be  utterly  proscribed ;  but  novels  like  those  of  Scott,  which  lead 
the  mind  outwards  to  contemplate  natural  scenery,  historical 
incidents,  and  the  manners  and  mode  of  living  of  a  past  age,  are 
really  useful  educational  adjuncts.  Fatigue,  late  hours,  undue 
excitement  from  theatres  tmd  balls,  or  from  the  use  of  alcoholic 
stimulants,  and  every  other  means  by  which  the  nervous  energy 
is  exhausted,  ought  to  be  carefully  avoided.  It  ought  to  be 
mentioned  that  young  people  with  a  neuropathic  predisposition 
are  peculiarly  liable  to  indulge  in  sexual  excess;  and  their 
guardians  should,  therefore,  be  specially  on  the  alert  lest  they 
indulge  in  the  practice  of  onanism,  which  exercises  a  most  dele- 
terious influence  on  the  nervous  system,  both  strongly  predis- 
posing to  various  diseases,  and  acting  as  a  powerful  exciting' 
cause  of  grave  nervous  disease. 
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It  is  scarcely  necessary  to  add  that  those  who  inherit  a  pre- 

isposition  to  nervous  diseases  require,  in  addition  to  exercise, 

ul  regulation  of  diet  and  a  due  exposure  to  sunlight  and 

air.     In  many  cases  the  administration  of  iron  and  cod 

liver  oil  is  attended  with  the  most  beneficial  results ;  in  one 

word,  the  standard  of  the  health  must  be  maintained  at  its 

highest  point  of  efficiency,   and    this  can   be  done,   not   by 

treating  the  nervous  system,  but  by  treating  the  organism  as 

a  whole.    The  beneficial  efl'ects  of  rest,  both  in  the  prevention 

and  treatment  of  disease,  are  now  so  well  recognised,  that  it 

u  uimccessary  to  dilate  upon  the  subject  in  this  place. 

§133.  (2)  Removalof  the  Exciting  Cause. — The  next  indica- 
tion of  treatment  is  to  remove  the  exciting  cause  of  the  disease, 
and  it  is  quite  unnecessary  to  say  much  at  present  on  this  subject. 
If  the  disease  has  been  induced  by  unfavourable  conditions  of 
climate,  exposure  to  variations  of  temperature,  excessive  fatigue, 
these  conditions  must  be  obviated.     When  the  affection  has 
been  caused  by  wounds  and  contusions  of  the  nervous  tissues, 
or  by  compression,  as  by  the  gradual  growth  of  tumours,  the 
I       exciting  causes  must  be  removed  by  surgical  interference,  and 
H  the  damage  done  to  the  tissues  treated  according  to  general 
^  sargical  principles. 

If  the  disease  is  caused  by  a  morbid   poison,  as   syphilis 
malaria,  gout,  rheumatism,  and  the  metallic  poisons,  the  treat- 

■  ment  must  be  first  directed  to  remove  these  poisons  from  the 
system  or  to  neutralise  their  action.  Syphilitic  disease  of  the 
nervous  system  occurs  in  so  many  forms  that  it  may  be  said  to 
aimnlate  almost  every  form  of  grave  nervous  disease.  But  what- 
ever may  be  the  form  in  which  it  appears,  the  same  treatment 
roust  be  adopted  as  for  syphilis  of  other  tissues  and  organs.  It 
must  be  remembered,  however,  that  syphilitic  disease  of  the 
nervous  system  usually  belongs  to  the  late  or  tertiary  symptoms 
of  the  affection,  and  consequently  the  treatment  must  be  modified 
accordingly.  Syphilis  of  the  nervous  system  as  a  rule  demands 
large  doses  of  the  iodide  of  pota.ssium,  not  less  than  from  a 
scruple  to  half  a  drachm  three  times  a  day;  and  if  this  fail  to 
give  relief,  from  one-twelfth  to  one-eighth  of  a  grain  of  the 
bichloride  of  mercury  may  be  given  three  times  a  day. 
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la  neuralgia  and  other  diseases  of  malarial  origin  quinine 
and  arsenic  are  the  best  known  and  most  reliable  remedies.  lo 
neuralgia  and  other  diseases  of  gouty  origin  a  moderate  dose  of 
colchicum  along  with  a  saline  aperient  is  useful ;  while  rheu- 
matic neuroses  are  beneiited  by  salicylic  acid,  local  fomenta- 
tions, vapour  bath,  and  in  chronic  affections,  by  the  use  of  iodide 
of  potassium  and  guaiacum. 

In  acute  poisouiog  a  drug  may  at  times  be  administered  ^ 
whose  action  counteracts  that  of  the  first  agent.     Atropine,  forfl 
example,  appears  to  arrest  to  some  extent  the  poisonous  action  t 
of  opium,  chloral  that  of  strychnine,  and  this  list  might  be 
indefinitely  extended ;  but  the  practical  results  which  have  bem 
obtaiued  from  the  administration  of  the  so-called  antidotes  have 
never  realised  the  high  expectations  of  their  utility  which  was 
at  one  time  formed.  H 

§  134.  (3)  Removal  of  the  Anatomical  Cause. — The  anato- 
mical cause  of  diseases  of  the  nervous  system  must  be  removed 
by  favourably  influencing  the  nutrition  of  the  diseased  part>  no 
matter  whether  the  lesion  be  molar  or  molecular.  The  nutrition 
of  the  nervous  system  as  a  whole  and  of  its  various  pai'ta  may 
be  influenced  in  various  ways,  Nutritive  changes  may  be  pro- 
duced by  agents  which  act  directly  on  the  nervous  tissues 
themselves,  the  connective  tissues  surrounding  the  nervous 
elements  including  the  lymph  spaces,  the  blood-vessels  including 
their  vaso-motor  nerves  and  centres,  or  the  blood.  The  agents 
which  act  on  each  of  these  tissues  may  in  practice  be  variously 
combined ;  so  that  the  methods  by  which  the  nutrition  of  any 
part  of  the  nervous  system  may  bo  influenced  are  almost  in- 
numerable. We  shall  not  attempt  any  elaborate  classification 
of  the  remedial  agents  comprised  in  this  division  further  than 
is  implied  in  an  orderly  enumeration  of  some  of  the  more  im- 
portant of  them,  but  shall  found  our  confidence  in  them  almost 
entirely  on  empirical  observation. 

The  agents  comprised  in  this  subdivision  may  be  subdivided 
into :  (A)  Internal  Bemedies,  (B)  External  Remedies  : — 


(A)  INTERNAL  REMEDIES. 
Internal  remedies  are  those  which  act  after  being  absorbed 
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^nto  the  blood,  no  matter  whether  they  are  absorbed  through 
Hthe  stomach,  the  skin,  after  subcutaneous  injection,  or  are  directly 
"injected  into  a  vein.     The  following  are  some  of  the  remedies 

of  this  class  which  are  most  employed  in  the  treatment  of  the 

diseases  of  the  nervous  system. 
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§  13.5.  Strychnine.amd  the  preparations  of  nux  vomica, increase 
the  irritability  of  the  grey  substance  of  the  spinal  cord  and 
consequently  diminish  its  resistance,  and  they  are  usefully 
■dnuDistered  when  the  spinal  irritability  is  depressed.  These 
agents  produce  the  most  favourable  efifect  in  cases  of  muscular 
weakness  unattended  by  organic  lesion.  Their  administration 
is  attended  probably  with  more  benefit  in  the  visceral  than  in 
the  e.xterual  akineses.  These  agents  are  powerful  remedies  in 
atonic  dyspepsia,  constipation  with  flatulence,  paralysis  of  the 
sphincters,  nocturnal  incontinence  of  urine,  sexual  debility,  and 
Dr.  Milner  Fothergill  has  strongly  advocated  the  administration 
of  strychnine  as  a  stimulant  of  the  respiratory  centres  in  cases  of 
emphysema  and  bronchitis.  Strychnia  is  not,  however,  an  agent 
of  much  value  in  the  treatment  of  nervous  diseases  depending 
apoD  structural  change.  In  all  acute  affections  of  the  nervous 
lystem  it  is  positively  injurious ;  while  in  the  chronic  organic 

s  it  is  almost  valueless. 
Conium  acts  in  some  respects  in  an  opposite  way  to 
'•trychnine  by  depressing  the  reflex  irritability  of  the  cord. 
The  investigations  of  Drs.  Crum  Brown  and  Fraser  prove  that 
the  alkaloid  co7ita  produces  paralysis  solely  by  influencing  the 
motor  nerves,  and  is  in  this  respect  analagous  in  its  action  to 
curara.  They  have,  however,  shown  that  some  of  the  methyl 
compounds  of  conia  depress  the  irritability  of  both  the  motor 
erves  and  of  the  spinal  cord.    These  authors  have  likewise 

that  commercial  specimens  of  conia  are  a  mixture  in 
ble  proportions  of  conia  and  methyl-conia,  and  that  the 
succuB  conii  of  the  Pharmacopcoia  also  contains  methyl  com- 
pounds of  cuuia ;  so  that  conia  as  usually  administered  depresses 
the  irritability  of  the  spinal  cord,  although  the  pure  alkaloid 
only  acts  on  the  motor  nerves.  Conia  has  been  administered 
successfully  in  cases  of  tetanus,  but  it  is  probable  that  the 
beneficial  results  which  followed  its  administration  were  due  to 
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the  impurity  of  the  drug,  and  that  more  reliable  results  would ' 
be  obtained  by  the  use  of  hydrochlorate  of  methyl-coniaL  Conia 
does  not  appear  to  exercise  any  influence  on  the  action  of  the 
heart.  Dr.  Crichton  Browne  strongly  recommends  conium  la 
acute  mania,  and,  whatever  may  be  its  mode  of  operation, 
experience  shows  that  it  is  a  powerful  agent  in  allaying  excite-, 
ment  under  such  circumstances. 


§  136.  Calabar  Bean  gradually  lessens  and  ultimately  destroys 
the  irritability  of  the  grey  substance  of  the  cord,  causing  amn- 
thesia,  loss  of  reflex  excitability,  and  paralysis.  Its  action  ii 
therefore  more  directly  oppoand  to  that  of  strychnine  than  that 
of  methyl-conia.  Calabar  bean,  or  its  alkaloid  physostigmn, 
may  therefore  be  administered  in  cases  of  increased  irritability 
of  the  grey  substance  of  the  cord ;  such  as  that  which  occurs 
during  strychnine  poisoning,  and  this  agent  has  been  success- 
fully employed  in  the  treatment  of  tetanus  (Watson,  Ringer), 
Physostigma  diminishes  the  number  of  the  heart's  contractions, 
but  lessens  the  duration  of  each  systole,  and  at  last  the  heart 
ceases  to  beat  in  diastole.  During  this  action  a  weaker  electric 
current  through  the  vagus  is  required  to  arrest  the  action  of  the 
heart  than  in  health,  and  if  the  ends  of  the  pneumogastric H 
nerves  are  poisoned  by  atropia,  physostigma  will  restore  thsV| 
action  of  the  paralysed  nerve;  hence  it  has  been  concluded 
that  this  drug  increases  the  irritability  of  the  terminal  fibres  of 
the  pneumogastric  nerve.  This  agent  is  also  a  respiratory 
poison,  and  generally  kills  by  paralysing  the  respiration. 


§  137.  Atropirie,  or  Belladonna,  is  a  powerful  agent  in 
the  treatment  of  many  diseases  of  the  nervous  system.  The 
following  is  a  brief  summary  of  the  actions  of  atropia.  It 
increases  the  irritability  of  the  grey  substance  of  the  spinal 
cord,  acting  specially  on  the  respiratory  and  vasomotor 
centres,  and  also  stimulates  the  cardiac  acceleratory  nerve  or  itafl 
centre.  It  paralyses  the  motor  nerves,  first  affecting  those  of 
the  trunk,  the  terminations  of  the  vagi  both  in  the  heart  and 
lungs,  the  terminations  of  the  secretory  nerves  of  the  salivary 
glands  and  of  the  sweat  glands,  the  terminations  of  the  inhibitory 
fibres  of  the  splanchnics,  and  the  terminations  of  the  ue: 
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ipplying  the  iris.  It  appears  also  to  stimulate  the  pupillary 
^fibres  of  the  sympathetic  nerves  to  the  eyes.  In  large  doses  it 
depresses  the  functions  of  the  atferent  nerves.  The  therapeutic 
tues  of  belladonna  are  so  manifold  that  we  can  only  mention  a 
few  of  them  at  present.  This  drug  has  been  found  useful  in 
checking  profuse  sweating,  especially  the  night  sweats  of 
pbthisi8;  and  the  secretion  of  milk.  It  is  also  very  useful  in 
habitual  constipation,  and  has  been  recommended  by  Harley  as 
a  cardiac  tonic.  The  action  of  atropia  is  antagonistic  to  opium, 
calabar  bean,  muscarin,  jaborandi,  bromal,  aconite,  and  pnissic 
acid  (Ringer).  Belladonna  is  exceedingly  useful  in  allaying 
the  paroxysmal  cough  of  whooping  cough,  and  probably  also 
diminishes  secretion  in  cases  of  chronic  bronchial  catarrh.  It 
is  one  of  the  best  remedies  in  cases  of  incontinence  of  urine, 
and,  combined  with  zinc,  it  is  often  a  successful  remedy  incases 
of  nocturnal  emissions  (Ringer).  Its  use  was  recommended  by 
Dr.  Brown-Sequard  in  the  treatment  of  paralysis  depending 
upon  chronic  inflammation  of  the  spinal  cord,  on  the  supposition 
that  it  produces  contraction  of  the  arterioles  of  the  cord,  and 
thus  diminishes  the  supply  of  blood  to  it.  Belladonna  is,  no 
doubt,  useful  at  times  in  the  treatment  of  chronic  spinal  affec- 
tions, but  it  is  doubtful  how  far  the  theory  upon  which  this 
Irealmeut  was  originally  founded  is  correct.  Belladonna  has  also 
been  found  useful  in  the  treatment  of  epilepsy.  In  addition  to 
its  action  on  the  spinal  cord  and  peripheral  nerves,  belladonna 
also  acts  on  the  brain.  The  first  effect  is  stimulant,  giving  rise 
to  a  rapid  but  connected  succession  of  ideas;  but  the  ideas  soon 
become  extravagant  and  incoherent,  and  a  busy  delirium  sets  in 
accompanied  by  pleasing  illusions.  The  delirium  may  at  times 
be  furious  and  dangerous,  so  that  the  patient  requires  to  be 
placed  under  restraint.  Its  action  on  the  cerebnim  renders 
belladonna  a  valuable  agent  in  allaying  pain. 


^ 


§  138.  Opium  lessens  the  irritability  of  the  sensory  conduct- 
ing paths  and  of  the  perceptive  centres.  Small  doses  first  increase 
the  irritability,  but  the  primary  increase  is  soon  followed  by  a 
secondary  stage  of  depression,  and  if  a  large  dose  be  adminis- 
tered the  first  stage  of  increased  irritability  is  so  transitory 
that  it  may  be  entirely  overlooked.     Bernard  concluded  that 
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opium  also  depresses  tbe  irritability  of  the  sympathetic  system, 
and  especially  the  part  supplying  the  submaxillary  gland. 
Opium  may  be  administered,  like  all  agents  of  this  class,  in 
small  doses,  with  the  view  of  obtaining  its  primary  or  stimulant 
action,  and  in  large  doses  so  as  to  obtain  its  secondary  or  seda- 
tive action.  la  small  doses  it  is  found  useful  whenever  the 
irritability  of  the  nervous  system  is  depressed,  especially  during 
times  of  nervous  exhaustiou  produced  by  anxiety  and  overwork. 
In  larger  doses  this  drug  is  found  useful  whenever  tbe  irritability 
of  the  sensory  mechanism  is  increased.  Opium  and  its  alkaloids 
are  indeed  the  most  powerful  agents  we  possess  for  allaying 
pain  and  procuring  sleep,  and  are  therefore  our  most  generally 
useful  aids  in  removing  the  most  distressing  symptoms  of  nervous 
diseases. 


I 


§  139.  Hydrate  of  Chloral  in  moderate  doses  induces  sleep, 
and  in  large  doses  profound  coma.  Both  sensation  and  reflex 
action  is  diminished  under  its  action,  and  death  is  caused  by  fl 
arrest  of  respiration  or  paraly.sis  of  the  heart  Dr,  Hammond  ^ 
suggested  that  the  action  of  chloral  is  due  to  anajmia  of  the 
cerebral  substance,  caused  by  vaso-motor  contraction  of  the 
vessels  of  the  brain  ;  but  it  is  much  more  probable  that  chloral, 
as  well  as  chloroform,  ether,  and  the  other  agents  which  are 
called  anffisthetics,  act  directly  on  the  nervous  tissues  them- 
selves. All  these  agents  have,  like  opium,  a  primary  stimulant, 
followed  by  a  secondary  sedative  action.  They  appear,  indeed, 
to  act  as  poisons  to  any  living  protoplasm,  although  the 
phenomena  produced  by  arrest  of  the  special  functions  of  the 
nervous  tissues  becomes  so  marked  and  predominant  as  to 
obscure  the  effect  on  the  protoplasm  of  the  other  tissues. 

When  the  agents  which  are  classed  as  anaesthetics  are  intro- 
duced into  the  circulation,  the  rapidity  with  which  each  will 
reach  the  protoplasm  of  the  tissues  will  depend  on  the  degree 
of  ditfusibility  of  the  drug,  the  activity  of  the  circulation  in  a 
part,  and  the  density  of  the  cell  walls  and  intercellular  substance  m 
of  the  tissues.  The  more  diffusible  the  agent  the  sooner  it  V 
gains  access  to  tbe  tissues,  and  the  sooner  it  is  eliminated ; 
hence  the  greater  the  diffusibility  of  the  agent  the  sooner  is 
the  action  produced,  but  the  more  transitory  will  the  action  be 
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Those  tissues  which  are  supplied  with  a  large  quantity  of  blood 
will  also  have  relatively  a  large  quantity  of  the  drug  supplied 
to  them ;  hence  the  active  tissues  will  be  affected  before  the 
passive  tissues,  and  the  grey  substance  of  the  brain  will  be 
affected  in  preference  to  the  white  substance.  The  protopla.sra 
of  the  tissues  which  are  composed  of  small  cells  with  thiu 
cell-membranes  will  be  reached  by  the  agent  in  a  shorter  time 
and  in  a  larger  quantity  than  that  of  tissues  consisting  of  large 
cells  with  denser  cell-membranes ;  hence  the  small  cells  of  the 
sensory  mechanism  will  be  affected  in  preference  to  the  large 
cells  of  the  motor  mechanism. 

Chloral  and  allied  agents  are  usually  administered  in  relatively 
large  doses  with  the  view  of  depressing  the  irritability  of  the 
aensory  mechanism  and  procuring  sleep.  Chloral  has  been 
found  oseful  in  the  treatment  of  tetanus  and  of  strychnine 
poisoning,  and  as  a  sedative  and  hypnotic  in  cases  where  the 
irritability  of  the  sensory  mechanism  is  increased. 


I 


§  140.  Bromide  of  Pota8»iuvi  and  its  allies  depress  the 
irritability  of  the  brain  and  spinal  cord,  inducing  in  large 
doses  a  diminution  of  sensibility  and  of  reflex  excitability.  Its 
action  is,  indeed,  like  that  of  chloral ;  although  the  action 
of  the  latter  is  more  prompt  yet  more  evanescent.  It  is 
very  probable  that  the  greater  atomic  weight  of  the  consti- 
tneots  of  bromide  of  potassium,  as  compared  with  those  of 
chloral,  renders  the  elimination  of  the  former  from  the  body 
more  slow  and  difficult  than  that  of  the  latter.  The  bromide 
of  potassium  also  appears  to  lower  the  irritability  of  the  motor 
mechanism,  while  cblcral  acts  more  exclusively  on  the  sensory 
mechanism ;  but  both  drugs  seem  to  act  on  the  prey  centres  of 
the  brain  and  spinal  cord  in  preference  to  the  conducting  patha 
Bromide  of  potassium  is  a  most  valuable  remedy  when  it  is 
desired  to  depress  more  or  less  permanently  the  irritability 
of  these  grey  centres  ;  while  chloral  is  the  better  remedy  when 
a  prompt  but  temporary  action  is  required.  Bromide  of  potas- 
sium is  therefore  a  more  valuable  remedy  in  hysteria  and 
epilepsy,  and  in  various  other  spasmodic  affections. 

§  141.  Iodide  of  Potaasium  has  probably  no  special  action 
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on  the  nervous  tissues  themselves,  but  its  well-known  action  in 
quickening  the  absorption  of  inflammatory  eflfusions  renders  it  an 
invaluable  agent  in  the  treatment  of  many  nervous  diseases.  Its 
use  in  syphilitic  nervous  affections  has  already  been  mentioned. 

§  142.  Mercurial  Preparations  are  also  occasionally  useful 
in  the  treatment  of  inflammatory  diseases  of  the  nervous 
system,  more  especially  those  afl'ecting  the  membranes  of  the 
brain  and  spinal  cord  and  the  sheaths  of  nerves;  but  their 
use  in  the  present  day  is  in  a  great  measure  restricted  to  the 
treatment  of  syphilitic  nervous  diseases. 

§  143.  Zinc  and  its  preparations  belong  to  a  class  of  agents 
which  have  been  termed  "  nervine  tonics,"  on  the  supposition 
that  they  promote  the  nutrition  of  the  nervous  system.  It  is  pro- 
bable that  these  agents  enable  weakened  nervous  tissues  to  absorb 
a  larger  stock  of  nutriment  from  the  blood,  while  at  the  same 
time  the  molecules  of  these  materials  are  so  arranged  that 
greater  resistance  is  offered  to  change,  hence  external  stimula- 
tion does  not  give  rise  to  such  wide-spread  nervous  discbarge, 
while  the  resulting  local  discharges  are  more  powerful  and  better 
co-ordinated.  But  it  will  suflSce  for  us  to  know  at  present  that 
these  agents  are  proved  by  experience  to  e.xercise  a  favourable 
influence  on  the  nutrition  of  the  nervous  system.  Preparations 
of  zinc  have  been  successfully  used  in  the  treatment  of  chorea, 
epilepsy,  whooping-cough,  and  other  spasmodic  atfectiona. 

§  144.  Arsenic  is,  according  to  Dr.  Ringer,  a  protoplasmic 
poison,  destroying  first  the  functional  activity  of  the  central 
nervous  system,  ue.xt  of  the  nerves,  and  last  of  the  muscles. 
But  like  all  other  poisons  of  this  class,  it  is  probable  that  the 
first  effect  of  small  doses  is  to  stimulate  the  functional  activity 
of  protoplasm,  and  that  its  administration  in  regulated  doses 
will  be  beneficial  in  many  cases  of  nervous  debility.  It  has 
been  found  useful  in  some  chronic  diseases  of  the  spinal  cord, 
and  is  certainly  a  powerful  remedy  in  many  cases  of  neuralgia, 

§  145.  Phosphorite  is  another  agent  which  has,  of  recent 
years,  been  strongly  recommended  in  the  treatment  of  various 
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rous  nffectioDS.  It  probably  acts  as  a  Btimulant  to  the 
nervous  centres,  and  increases  the  nutritive  activity  of  nervous 
tissues  generally.  It  has  been  found  useful  in  functional 
paraljrsis,  chronic  alcoholism,  migraine,  and  in  many  forms  of 
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§  146.  Silver  salts  have  been  employed  in  the  treatment  of 
nervous  diseases.  Nitrate  of  silver  in  poisonous  doses  excites 
convulsions  in  animals,  and  these  are  followed  by  paralysis.  The 
convulsions  are  similar  to  those  produced  by  strychnia,  and  are 
excited  by  the  least  peripheral  irritation  (Ringer).  Both  the 
oxide  and  nitrate  have  been  employed  in  the  treatment  of  chorea 
and  epilepsy,  and  they  have  been  found  specially  useful  in  the 
treatment  of  locomotor  ataxy. 

§  147.  Quinia  is  one  of  the  most  generally  useful  nervine 
tooic^  Administered  in  large  doses  it  produces  noises  in  the 
ears,  and  occasionally  causes  deafness,  and  even  temporary 
blindness  may  be  produced.  It  also  causes  severe  dull  frontal 
beadache,  and  in  poisonous  doses  abolishes  reflex  action  before 
voluntary  movement,  by  stimulation  of  Setcbenow's  reflex  in- 
hibitory centre  (Ringer).  The  best  known  action  of  quinia  is 
that  by  which  it  arrests  attacks  of  ague;  but  it  is  equally  useful 
in  the  treatment  of  other  affections  of  malarial  origin.  Neuralgia 
is  especially  prone  to  arise  from  malaria,  and  against  this  form 
of  the  disease  quinia  is  a  specific.  Eut  quinia  is  also  useful  in 
other  forms  of  neuralgia,  especially  when  they  assume  a  periodic 
type,  as  frequently  happens  in  neuralgia  of  the  supra-orbital 
brunch  of  the  fifth  nerve. 


§  148.  Milk,  whey,  and  grape  "cures"  as  well  as  courses  of 
mintral  waters,  produce  a  beneficial  effect  on  diseases  of  the 
rous  system,  in  so  far  as  they  exercise  a  favourable  influence 
1  the  nutrition  of  the  body  generally. 

(B)  EXTERNAL  REMEDIES. 
§  149.  Cold,   steadily  applied,    lowers   the   irritability  and 
retards  the  conductivity  of  the  nervous  tissues.     Ricgel  and 
F.  Schultze  have  shown  that  the  spinal  cord  can  be  directly 


262 


GENERAL  TREATMENT. 


readied  by  tlie  application  of  cold ;  but  the  experiments  of 
Dr.  Benhara  appear  to  indicate  that  the  local  iniiueuce  on 
the  brain,  of  cold  steadily  applied  to  the  head,  is  not  great. 
Chapman's  vaso-rnotor  therapeutics  is  founded  on  the  assump- 
tion that  cold  applied  to  the  spine  lowers  the  irritability  of 
the  vaso-rnotor,  along  with  that  of  the  other  centres,  of  the 
spinal  cord,  and  thus  causes  dilatation  of  the  blood-vessels, 
whose  nervous  supply  issue  from  the  portion  of  the  cord  over 
which  the  cold  is  applied.  Chapman's  ice  hag  is  the  best  method 
of  applying  cold  to  the  spine ;  and  very  convenient  bags  are  also 
constructed  for  applying  ice  to  the  head,  or,  indeed,  to  any  part 
of  the  body. 

§  150.  Warmth  increases  the  irritability,  and  accelerates  the 

conductivity  of  the  nervous  tissues.  It  also  relaxes  the  tissues, 
especially  when  moisture  ia  combined  with  warmth,  and  it  is 
probably  by  this  means  that  it  exercises  such  a  soothing  influ- 
ence in  painful  and  spasmodic  affections.  It  is  doubtful  whether 
warmth  directly  applied  over  the  head  and  spine  penetrates  to 
the  brain  and  spinal  cord;  but  warm  applications  are  often  very 
soothing  in  aifections  of  these  organs,  the  action  being  probably 
produced  in  a  reflex  manner  through  the  cutaneous  nerves. 
Warmth  may  be  applied  by  means  of  hot  water  fomentations, 
poultices,  Priessnitz's  compresses,  hot  sand  bags,  or  caoutchouc 
bags  filled  with  hot  water. 

§  1 51.  Bailts. — Cold  baths  tend  directly  to  lower  the  irritability 
of  the  nervous  tissues,  and  to  depress  the  nervous  functions ;  and 
when  their  use  is  attended  with  benefit  it  is  due  to  their  indirect 
action.  The  first  apparent  effect  produced  by  a  cold  bath  is  to 
contract  the  cutaneous  blood-vessels,  but  whether  this  effect  is 
produced  by  a  reflex  stimulation  or  by  a  direct  action  on  the 
muscular  fibres  and  peripheral  terminations  of  the  nerves  is  not 
known.  Contraction  of  all  the  superficial  blood-vessels  is  fol- 
lowed by  a  sudden  rise  in  the  arterial  tension,  the  beat  of  the 
heart  becomes  more  powerful,  and  the  internal  organs,  including 
the  great  nervous  centres,  are  more  freely  supplied  with  blood. 
The  increase  in  the  supply  of  blood  to  the  nerve  centres  raises 
their  irritability,  so  that  more  powerful  nervous  discharges  are 
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eent  out  to  the  various  organs,  including  the  heart,  rendering 
'its  action  more  effective,  and  thus  increasing  still  further  the 
activity  of  the  circulation. 

However  efficient  the  cold  bath  may  bo  as  a  means  of  treatment  in 
niAny  cases  of  nervous  debility  and  temporary  exhaustion,  it  is  manifest 
ttwt  a  (ire-requisite  to  the  success  and  safety  of  the  treatment  is  that  the 
-|«tient  be  practically  free  from  any  organic  disease.  If,  for  instance,  the 
Mntral  organ  of  the  circulation  be  enfeebled  from  any  cause,  the  sudden 
•Iwation  of  the  arterial  tension  may  arrest  its  action  ;  if  the  walls  of  some 
or  all  of  the  bl<iod-ve»iels  have  lost  their  elasticity  and  are  become  brittle 
from  degenerative  processes,  rupture  may  ensue  ;  or  if  the  walls  of  the 
venelt  of  any  internal  organ,  and  especially  if  one  or  more  of  the  nervous 
centTM,  are  enfeebled  by  local  inflammation  or  other  disease,  a  local 
oougeation  may  be  caused  which  will  greatly  aggravate  the  affection.  The 
cnld  bath  is,  however,  a  powerful  therapeutic  agent  in  the  numerous 
fiiictiona]  diseases  to  which  the  nervous  system  is  liable  ;  and,  notwith- 
standing the  drawbacks  and  limitations  which  have  just  been  described, 
it  m  also,  with  suitable  precautions,  useful  in  the  treatment  of  various 
luic  organic  affections. 

§  152.  The  Sea  Bath  is  only  a  modification  of  the  cold  bath, 
but  several  factors  combine  to  make  the  action  of  the  former 
somewhat  different  from  that  of  the  latter.  The  salts  in  solution 
in  sea-water  act  as  powerful  stimulants  to  the  skin  ;  hence  sea- 
vater  of  itself  is  much  less  depressing  than  ordinary  water,  so 
that  feeble  persons  who  cannot  bathe  in  the  latter  without 
suffering  great  depression  can  bathe  in  the  former  with  benefit. 
The  motion  of  the  waves,  however,  Las  a  powerfully  depressing 
effect ;  but  the  reaction  following  from  the  dashing  of  the 
WKves  against  the  body  adds  greatly  to  the  invigorating  and 
exhilarating  effects  in  strong  and  healthy  persons. 

If  the  nervous  syfttom  of  the  patient  is  so  weak  that  the  necessary 
KactioQ  does  not  take  place,  even  although  there  may  be  no  organic 
diaeaae,  outdoor  sea-bathing  must  be  prohibited,  but  an  indoor  bath  of 
aeo-water,  either  cold  or  with  the  chill  taken  off,  may  be  substituted.  A 
OOnaidenble  part  of  the  benefit  received  by  patients  from  residence  at  the 
Wt  rid>  must  be  ascribed  to  the  breathing  of  sea-air,  along  with  the  com- 
plete cbaage  of  scene  and  occupation. 

§  153.  The  Cold  Water  Pack  is  a  powerful  therapeutic  agent, 
but  it  is  seldom  employed  outside  hydropathic  establishments, 
and  there  it  is  associated  with  a  carefully  regulated  diet,  change 
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of  air  and  scene,  regular  hours,  and  various  other  circumstances 
which  assist  reparative  processes ;  so  that  it  is  difficult  to  deter- 
mine how  much  of  the  beneficial  eflfect  is  due  to  the  cold  water 
treatment  There  can  be  no  doubt,  however,  that  the  cold 
water  pack,  along  with  the  subsequent  sponging  and  rubbing,  is 
exceedingly  refreshing,  and  under  its  use  tissue  metamorphosis 
is  accelerated,  the  nutrition  of  the  body  is  improved,  and  the 
absorption  of  eflFused  products  is  promoted  ;  hence  it  becomes  a 
valuable  remedy  in  many  organic  nervous  diseases. 


§  154.  iS/towe7*,Z>owcA«,aTi(i(Sf/>07j^e5a</t.sproduce,  in  addition 
to  the  effects  of  the  cold  immersion,  powerful  nervous  stimulation 
from  the  impact  of  the  water  on  the  body. 

Shower  aud  sponge  baths  are  useful  in  cases  of  hysteria  and  other 
functional  nervous  diseases,  while  the  douche  and  cold  atfusion  an 
generallj  employed  for  their  local  effects,  as,  for  example,  to  rouse  a  patieut 
from  drunkennesa  or  opium  jx>i80Ding.  The  local  douche  has  also  been 
found  useful  iti  the  treatment  of  paralysed  parts,  and  in  several  forms  of 
sensory  disturbance.  A  douche,  consisting  of  alternations  of  hot  and 
cold  water,  has  a  powerfully  stimulating  eSect,  and  may  be  employed  in 
many  cases  of  paralysis. 

§  155.  Warin  Baths,  by  sheltering  the  body  from  the  constant 
changes  of  the  external  air,  and  by  diminishing  oxidation,  act 
as  a  sedative  to  the  cutaneous  nerves,  and  through  them  to  the 
nervous  system  generally.  By  procuring  dilatation  of  the 
cutaneous  blood-vessels,  arterial  tension  is  lowered,  and  relief  is 
thus  afforded  to  congestion  of  internal  organs.  The  effects 
vary  considerably,  according  to  the  temperature  of  the  bath. 
If  the  temperature  be  indifferent  (90°  to  97^  F.)  the  bath  acts 
mainly  as  a  nervous  sedative,  while  warm  and  hot  baths  (97°  to 
108^  F.)  produce  great  vascular  excitement,  and  act  as  powerful 
nervous  stimulants. 

The  geographical  position  of  the  bath  must  be  taken  into 
account,  especially  as  experience  teaches  that  the  higher  the 
elevation,  the  higher  is  the  temperature  that  can  be  borne; 
and  that  the  more  irritable  the  patient  is,  the  more  elevated 
may  be  the  spot  to  which  he  is  sent  for  cure  (Erb).  When  the 
symptoms  of  irritation  preponderate  we  choose  the  soothing 
bath;  and  if  the  symptoms  of  depression  are  prominent,  the 
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exciting  bath  at  a  higher  temperature  may  be  employed.  A 
complete  list  of  hot  springs,  and  much  useful  information  with 
respect  to  spas  and  mineral  waters  generally,  are  given  in 
Squire's  Companion  to  the  British  Pharmacopccia ;  and  the 
information  given  in  a  work  which  is  in  the  hands  of  almost 
every  practitioner  need  not  be  repeated  here.  , 

§  156.  Wexik  Brine  BatJis,  containing  not  more  than  one  per 
oeo(  of  chlorides,  roost  sulphur  baths,  and  the  weak  alkaline 
springs  act  like  indifferent  springs,  and  may  be  employed  in  the 
treatment  of  the  same  class  of  diseases.  These  baths  are  useful 
io  spinal  irritation  and  exhaustion  from  excess  of  any  kind,  and 
in  spinal  meningitis ;  but  the  chronic  scleroses  of  the  spinal 
cord  require  great  care  in  the  use  of  the  warm  bath,  inasmuch 
as  cases  of  locomotor  ataxy  and  chronic  myelitis  are  often  made 
worse  by  too  warm  baths. 

§  157.  Vapour  Batfia,  Hot  Sand  BatJia,  Hot  Air  BatJis  pro- 
duce diaphoresis,  and  are  powerful  nervous  stimulants,  and  may 
be  used  in  the  treatment  of  the  same  class  of  cases  as  the  hot 
spring  baths. 

§  158.  Brine  Batlis  differ  only  from  warm  baths  from  the  fact 
that  the  coutiiined  salt  acts  as  a  powerful  stimulus  of  the  nutri- 
tion and  circulation  of  the  skin ;  and  on  account  of  the  exciting 
effect  of  the  salt  the  temperature  may  be  somewhat  lower  than 
that  uf  warm  baths.  The  most  suitable  proportion  of  salt  is 
from  two  to  four  per  cent  (Erb). 

§  159.  Warm  Brine  and  Gaseoits  Baths  are  more  stimulating 
than  the  simple  brine  baths,  inasmuch  as  the  carbonic  acid  con- 
tained in  these  baths  powerfully  excites  the  skin  and  nervous 
ajBtem.  These  baths  should  not  exceed  90"  F.,  and  they  are 
usually  taken  without  moving  the  water,  but  when  a  strong 
stimulant  is  desirable  the  water  may  be  agitated.  These 
baths  are  indicated  in  the  chronic  stage  of  atrophic  para- 
lysis, in  locomotor  ataxy,  and  other  chronic  affections  of  the 
spinal  cord,  as  well  as  in  cases  of  functional  debility  of  the 
nervous  centres. 
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§  IGO.  Cltahjbeate  and  Oaseous  Baths  appear  to  act  precisely] 
in  the  same  manner  as  the  alkaline  and  gaseous  baths.  Thei 
iron  does  not  appear  to  be  of  any  value  except  when  used 

internally.  ^m 

§  161.  Mild  Baths  act  partly  as  warm  water  baths,  but  they 
are  much  less  exciting  than  warm  water  spring  baths,  and  are 
consequently  adapted  for  the  treatment  of  spinal  irritation  and 
paralysis  accompanied  by  excess  of  muscular  tension,  as  occunfl 
in  lateral  sclerosis,  compression  of  the  cord,  and  hemiplegia  with 
descending  sclerosis.  GooJ  mud  baths  are  found  in  Franzenshad, 
Marienbad,  Teplitz,  Driburg,  Eilsen,  Meinberg,  Nenndorf, 
Fyrmont,  and  other  places.  ^B 

§  162.  The  Turkish  Bath  combines  many  of  the  properties 
of  the  hot  and  cold  bath.  It  produces  profuse  diaphoresis,  and 
thus  cleanses  the  system  by  carrying  off  effete  and  noxious  sub- 
stances, so  that  its  use  is  indicated  in  many  nervous  affections 
which  occur  in  rheumatic  and  gouty  constitutions.  The  great 
heat  to  which  the  body  is  subjected  tends  no  doubt  to  induce 
debility ;  but  the  subsequent  free  application  of  cold  water  ex- 
cites the  cutaneous  nerves  and  braces  the  system,  bo  that  the 
tonic  effects  of  the  cold  bath  are  procured.  The  systematic 
kneading  to  which  all  the  muscles  of  the  body  are  subjected 
promotes  their  own  nutrition  and  the  nutrition  of  the  neiveB 
which  supply  them,  so  that  the  effects  of  the  bath  are  combined 
with  those  which  result  from  carefully-regulated  exercise  and 
.systematic  gymnastics.  The  Turkish  bath  is,  indeed,  a  powerful 
therapeutic  agent,  and  has  a  wide  range  of  usefulness  in  the 
treatment  of  various  nervous  affections,  ^ 


§  163.  jT/teiTeed/eBaiA  consists  of  an  apparatus  so  constructed 
that  numerous  jets  of  water  forcibly  impinge  on  the  body  of  the  ^ 
patient  Hot  water  is  first  used,  and  after  a  few  minutes  it  isfl 
gradually  or  somewhat  suddenly  changed  for  cold  water.  The 
alternation  of  hot  and  cold  water,  as  well  as  the  impact  of  the 
jets  against  the  body,  renders  this  bath  a  powerful  stimulant, 
and  it  is  exceedingly  useful  in  the  treatment  of  chronic  nervou*  | 
diseases.     It  is  a  very  valuable  means  of  treatment  in  locc 
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motor  ataxy,  for  instance,  when  the  lightning  pains  are  not 
excessive,  and  when  the  tendinous  reflexes  are  abolished.  In 
lateral  sclerosis,  when  the  reflexes  are  increased,  this  bath,  like 
all  other  stimulating  baths,  does  much  harm. 

»§  1G4.  Climate  "  Cures." — It  has  been  found  by  experience 
that  certain  climates  and  regions  exercise  a  favourable  influence 
on  various  nervous  diseases,  especially  those  of  functional  origin. 
Sea  air  has  a  very  invigorating  effect  on  the  system,  and  it  is 
I  well  adapted  for  the  cure  of  states  of  nervous  exhaustion  from 
overwork  in  those  who  are  otherwise  strong  and  healthy. 
Feeble  and  irritable  people,  however,  obtain  greater  benefit 
from  residence  in  a  mouutaiuou.s  district.  Mountain  exercise 
baa  a  very  enlivening  effect  upon  the  nervous  system,  and  the 
bigher  and  drier  the  district  the  more  marked  are  the  tonic 
effects.  The  Engadine  and  Davos  Platz  are  very  favourite 
mountain  residences;  and  the  Scottish  mountains,  the  English 
lake  district,  and  Ilkley  in  Yorkshire,  are  also  beneficial, 
although  they  have  neither  the  elevation  nor  the  dry  atmos- 
phere of  the  Swiss  mountains. 


§  165.  Blood- Letting  ami  Counter- Irritation  are  as  useful 
,n  the  treatment  of  inflammatory  aflfectious  of  the  nervous  system 
as  in  those  of  other  organs,  but  as  they  present  nothing  special 
in  their  action  or  mode  of  application  when  employed  in  the 
iment  of  nervous  diseases,  they  do  not  require  further  con- 
sideration at  present.  The  counter-irritants  usually  employed 
are  cutaneous  faradisation,  sinapisms,  vesicants,  issues,  rooxte, 
and  the  actual  cauterj'. 


a 
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'  §  166.  External  Frictions  are  usefully  employed  in  various 
nervous  affections.  Frictions  with  soothing  liniments,  warm  oil, 
opium,  and  belladonna  ointment,  and  various  other  agents,  are 
used  to  allay  pain  in  neuralgic  and  other  painful  affections. 
Frictions  with  spirituous  liniments,  either  alone  or  combined 
rith   other  stimulant!),  such   as  ammonia  and   camphor,   are 

^Mied  in  the  treatment  of  various  forms  of  paralysis. 

L     §  167.  Massage  is  a  general  term  meant  to  include  methodical 
'Tubbing,  stroking,  kneading,  and  clapping  the  surface  of  feeble 
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and  paralysed  parts;  a  method  of  treatment  which  is  often  8U0-" 
cessful  in  the  treatment  of  both  functional  and  organic  paralysis. 
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§  1G8.  5i(;ed!«/tGymnasiwa  are  a  mere  modification  of  ordinary' 
gymnastics,  with  the  view  of  aiding  the  recovery  of  paralysed 
or  rather  paretic  parts,  by  bringing  the  muscles  into  methodical 
exercise.  The  patient  is  instructed  to  make  systematic  voluntary 
efforts  to  move  the  paralysed  muscles,  and  when  a  certain  degree 
of  voluntary  movement  is  attained  the  effect  is  increased  by  th« 
opposition  of  a  practised  assistant  If,  for  example,  the  flexois] 
of  the  forearm  are  to  be  exercised  the  forearm  is  first  extended, 
and  the  patient  endeavours  to  flex  it  whilst  the  assistant  opposes 
flexion  with  more  or  less  force.  In  the  case  of  associated  move- 
ments it  is  often  necessary  to  aid  the  contraction  of  one  group 
of  muscles  so  as  to  overcome  the  contraction  of  their  antagonists, 
which  are  also  excited  to  action  during  the  voluntary  effort  to 
contract  the  paralysed  group.  The  assistant  must  then  aid  the 
paralysed  muscles  by  passively  extending  the  healthy  antagonist 
muscles.  The  action  of  the  healthy  antagonist  muscles  can  be 
weakened,  not  only  by  the  hands  of  an  assistant,  but  also  by 
fixing  elastic  bands  or  spiral  wires  to  the  limb  so  as  to  aid  the 
action  of  the  paralysed  groups.  Ordinary  gymnastic  exercises 
are  also  useful  in  the  treatment  of  various  nervous  affectioDS.H 
By  their  use  the  nutrition  of  the  muscular  system  is  improved.^ 
the  heart  propels  the  blood  more  efficiently  through  the 
organism,  the  blood  itself  becomes  of  better  quality,  and  thej 
nervous  system  participates  in  the  general  improvement. 


§  1G9.  Electriclttj  in  its  various  forms  is  not  only  one  of  the 
most  useful  remedies  we  possess  for  the  treatment  of  disease  of 
the  nervous  system,  but  it  is  also  a  remedy  which  is  almost 
exclusively  adapted  for  the  treatment  of  nervous  disease.  The 
therapeutical  applications  of  this  agent,  therefore,  demand 
from  us  a  somewhat  lengthened  examination.  The  varieties  of 
electricity  are — (i.)  Franklinism ;  (ii.)  Faradism  ;  and  (ui. 
Galvanism.  The  act  of  applying  electricity  in  the  treatmenl 
of  disease  is  called  ELectrin'ition,  while  the  acts  of  applying  it»^ 
varieties  are  respectively  called  Franklinisation,  Farad Uat ion, 
and  Galvanisation.     For  a  description  of  the  various  instru' 
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menta  used  in  applying  electricity  we  must  refer  the  reader  to 
systematic  works  on  electro-therapeutics,  and  to  all  respectable 
Burgical  instrument  makurs,  who  now  keep  in  stock  reliable 
medical  electric  machines  with  their  accessories. 

L       (l)  FrankliniaDi,  Friction,  or  Static  Electricity,  is  generated 

HId  the  usual  way  by  a  plate  machine. 

^P  §  170.  Metliods  of  Application. 

(1)  Eltctro-Potitii'«  Bath. — The  patient  maat  be  insulated  by  being 
plaeed  oo  a  gLiss-legged  stool  or  couch,  and  then  connected  by  a  brass 
ckain,  held  in  his  hand,  with  the  prime  conductor  of  the  machine.  When 
the  plate  of  the  machine  is  rotated  both  the  conductor  and  the  patient 
become  charged  with  positive  electricity,  hence  the  patieat  la  said  to  be 
ialdog  an  tltetro-potitite  bath. 

In  order  to  prevent  the  moisture  of  the  atmosphere  from  carrying  off 
the  charge,  the  plate,  the  insulating  8upix>rt.-s,  the  legs  of  the  stool,  and  all 
tbe  glass  port  of  the  ap()aratus  should  be  well  rubbed  with  a  warm  and 
iwj  piece  of  flannel. 

(8)  Electro- NegaUvt  Balh. — If  the  chain  held  in  the  hand  of  the  patient 
Iwoonoected  with  the  cushions  of  the  machine,  instead  of  with  the  coii- 
dactor,  he  becomes  charged  with  negative  electricity,  and  is  said  to  be 
taking  an  eUctro-tieyatiie  Ixitli. 

(3)  FranklinUatiim  by  Sfttrh.—  U,  when  the  patient  is  in  connection 
with  the  prime  conductor,  any  object  be  brought  near  to  him,  he  is  dit- 
cXargtd  with  a  spark  ;  the  dkcharge  is  accompanied  by  a  slight  shock,  and 

It*  called  FftiiMinitution  by  sparks.  The  electricity  may  be  localised  to 
tome  extent  without  producing  a  shock  by  pa.ssing  a  metallic  brush  slowly 
k.ong  the  course  of  a  nerve  trunk  or  a  muscle,  almost  but  not  quite  iu 
Bontact  with  the  skin. 
(4)  FiankUniiation  by  the  Ltyden  Jar. — A  Leyden  jar  is  charged  in  the 
nanal  way,  and  is  discharged  by  applying  the  extremities  of  the  exciters  to 
two  points  of  the  body  through  which  it  is  desired  the  electricity  should 
pass.  Frankliiiisation  is  not  a  method  of  treatment  of  which  I  have  p«r- 
aoaally  much  experience ;  but  Dr.  Tibbita  speaks  favourably  of  it  as  a 
remedy  in  neuralgia,  sparks  being  drawn  along  the  track  of  the  affected 
oervM ;  also  iu  facial  spasm,  emotional  aphonia,  hysterical  hy{jera:sthesia, 
■ad  ▼arioua  forms  of  tremor. 

(il.)  Faradism. — The  induced  oi'  interrupted  current,  as  it 
is  rariously  called,  was  discovered  by  Faraday,  and  is  generated 
or  induced  in  a  coil  of  copper  wire  by  the  action  of  a  permanent 
magnet,  or  of  a  voltaic  current  The  instruments  constructed  to 
generate  the  faradic  current  possess  two  coils,  called  the  primary 
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and  secondary  coil,  from  each  of  which  a  current  is  obtained;, 
these  are  respectively  called  the  primary  induced  and  the 
secondary  induced  carrent.    The  current  induced  in  the  secon- 
dary possesses  greater  tension  than  that  of  the  primary  coil  i\ 
hence  the  former  penetrates  more  readily  through  the  tissues  J 
tlian  the   latter,  and   consequently  acts  as  a  more   efficient 
stimulus  to  the  nerves  and  muscles. 


§  171.  Methods  of  Application. 

(1)  Oineral  Faradisation. — Dra.  Beard  and  Rockwell, 'who  introdueed  ' 
thia  method,  recommeud  that  the  patient  be  placed  with  his  naked  feet 
mwn  o  sheet  of  copper,  which  is  connected  with  one  pole  of  the  battery.  • 
The  o[5erator  holds  the  other  pole,  coutaining  a  well  moistened  sponge,  ia 
bis  left  hand,  and  passes  the  right  hand  over  the  muscles  or  whole  bodyl 
of  the  patient.     The  authors  think  that  general  faradisation  stimulatet' 
both  local  and  general  nutrition,  and  thus  acts  as  a  powerful  constitutional 
tonic. 

(2)  Localised  Faraditation  is,  as  its  name  implies,  the  application 
the  faradic  current  to  special  organs  or  tissues.     This  mode  of  applicatio 
admits  of   the    following    subdivision  :  —  (a)    Cutaneous    faradisation  { 
(b)  Neuro-muscular  faradisation  ;  and  (c)  Faradisation  of  internal  organs  ' 
and  of  the  sjiecial  senses. 

(a)  Cutaneoxu  Furadi*atioti. — When  it  is  desired  to  limit  the  ctirrent 
to  the  cutaneous  surface  the  rheophores  must  be  used  dry,  and  the  skiaj 
should  also  be  dusted  with  some  absorbent  powder,  so  as  to  diminish  it 
conduction.     Besides  the  usual  rheophores  other  methods  are  adapted  fa 
applj'ing  cutaneous  faradisation. 

(i.)  Tht  Electric  Hand. — A  moist  rheophore  is  applied  to  some  dightlr 
sensitive  part  of  the  patient's  body,  as  over  the  sternum ;  the  other  rheo- 
phore ia  held  in  the  hand  of  the  operator,  who  passes  the  back  of  the 
diseugased  hand  over  the  surface  which  it  ia  desired  to  excite. 

(ii.)  Soliil  Metallic  RheopKortt  are  applied  by  thin  metallic  surfaces  to 
the  dry  skin,  and  are  either  kept  statiuuary  or  stroked  over  the  surface. 
If  the  rheophore  ia  conical,  and  maintained  for  some  time  immovable,  it 
proiliices  a  sensation  aimilar  to  that  caused  by  a  hot  nail  penetrating  the 
skin  ;  hence  it  is  termed  the  electric  nail, 

(iii.)  Metallic  Threads. — A  wire  brush  may  be  substitued  for  cms  vi 
the  ordinary  rheophores  and  moved  over  the  skin,  constituting  tic 
oatUerisation ;  used  to  strike  it  lightly,  constituting  what  is  called  e{«e(rM^ 
fustigation ;  or  held  in  contact  with  it,  forming  an  electric  moxa. 

(6)  Neuro- Muscular  Faradisation.— Vfhea  it  is  desired  to  reach  the 
deeper  tissues  through  the  skin,  it  must  be  remembered  that  the  latter  u>^ 
a  bad  conductor  of  electricity,  and,  consequently,  the  rheophores  8hoaI«|H 
consist  of  well  moistened  sponges  contained  in   cylinders,  or  nietaliie 
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dboa,  oorend  with  wet  leather  ;  and,  in  addition,  the  skin  itself  should 
be  thoroughly  moistened  with  a  mixture  of  warm  water  and  common  salt, 
which  increases  its  electric  conductivity.  When  the  muscles  are  excited 
to  oontniction  through  the  sldn,  the  method  is  called  the  perc^itaneoui 
npplicalion.  The  current  may,  however,  be  passed  directly  into  the  muscle 
which  it  is  desired  to  contract,  by  passing  needles  into  its  substance  ;  and 
this  method  is  called  dtctro-puncture  or  eUctric  acupuncture.  Electro- 
pancture  was  introduced  into  practice  upwards  of  fifty  years  ago  by 
Sarlandidre,  who  thrust  insulated  needles  through  the  skin  into  the 
moBcles  ;  but  the  powerful  opposition  of  Duchenne,  along  with  the 
brillidut  results  he  himself  obtaiuetl  by  the  percutaneous  application  of 
tlie  current,  combined  to  render  the  practice  of  electro-puncture  almost 
mtirely  obsolete.  A  few  years  ago.  Dr.  Morgan*  introduced  the  practice 
■  >f  electric  acupuncture  into  the  Royal  Icifirmary,  Manchester,  being  at 
the  time  unconscious  that  it  was  a  revival  of  an  old  practice,  and  no  one 
can  have  watched,  from  day  to  day,  the  aatisfautory  results  obtained  by 
him  without  being  convinced  that  this  method  often  offers  numerous 
advantages  over  percutaneous  application.  Dr.  Morgan  at  first  used 
iiuiiilated  needles,  but  he  soon  discarded  them  for  needles  which  are  not 
ioaolated.  "  The  needles  I  now  use,"  he  says,  "  are  as  fine  as  can  be 
manufactured  ;  they  vary  in  length  from  two  to  four  inches,  and  have  a 
metallic  knot,  the  size  of  a  small  pea,  attached  to  one  end."  Several  of 
these  needles  are  thrust  into  the  muscle  which  it  ia  desired  to  excite  to 
ooDtraction,  and  while  one  rheophore  (generally  the  anode),  with  moistened 
■poDge,  is  placed  on  an  indifferent  part  of  the  body,  the  knobs  of  the 
neadlea  are  successively  touched  with  the  metallic  part  of  the  other  rheo- 
phora,  and  an  instantaneous  upward  or  downward  movement  of  the  needle 
indicates  when  contraction  occurs.  The  muscles  may  be  excited  to  ood- 
tnct  by  passing  the  faradic  current  through  their  substance,  either 
parcataneously  or  by  electro-puncture,  or  by  placing  the  exciting  rheo- 
phor«  over  the  nerve  trunk  or  branch  wLich  supplies  the  muscle.  The 
fcrmer  method  of  application  is  called  direct  muscular  faradUation,  and 
the  lattar  imlirtct  miuicrtUir  faradiiaiion. 

(L)  Direct  Mutcalar  Faruditation.— For  the  direct  electrisation  of 
nmacles,  which  present  a  large  surface,  like  those  of  the  trunk,  it  is  most 
ooDveoieut  to  use  moistened  sponges,  coutained  in  cylinders  ;  but  when 
tbe  muscles  are  small,  as  those  of  the  face  and  the  iuterossei,  metallic 
rbeopbores,  with  rounded  or  conical  points  and  covered  with  wet  wash- 
leather,  should  be  employed.  In  order  to  electrise  a  muscle  completely, 
I  the  rbeophores  should  be  applied  over  its  fleshy  body,  and  they  should 
either  cover  its  whole  surface  or  be  applied  in  succession  to  all  points  of 
its  aoifkce.  When  the  body  of  the  muscle  is  very  thick,  a  strong  current 
moat  be  employed,  otherwise  tbe  superficial  layers  alone  are  excited.  The 
prints  to  which  the  rbeophores  must  be  applied,  in  order  to  stimulate 
directly  any  particular  muscle,  can  only  be  known  from  a  full  acquaintance 

•  The  Lancet,  »ol  u.,  1879,  pp.  464  and  499. 
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of  the  anatomy  of  the  muactilar  ajstem.  Sufficient  information  for  tbs 
practical  use  of  direct  electrisation  will  be  found  ia  the  special  part  of 
this  work  ;  and  for  anjr  further  iiiformatioa  we  must  refer  the  reader  to 
ordinary  anatomical  works. 

(ii.)  Indirect  Muscular  Faradisation. — In  order  to  obtain  contraction  of 
a  muscle,  or  a  group  of  muscles,  by  passing  a  current  through  the  nerve 
which  siijiplies  it,  a  broad  conductor,  or  a  wet  sponge  contained  in  a  cylin- 
der, should  be  placed  upon  an  indifferent  part  of  the  body,  as  the  stemimi, 
while  a  fine  pointed  conductor,  such  as  a  conical  rheophore,  is  applied 
over  the  most  superficial  part  of  the  nerve  it  is  desired  to  excite.  To  ensure 
success  a  minute  knowledge  of  the  anatomy  of  the  muscles  and  nerves, 
and  of  their  relations  to  the  surface  of  the  body,  is  essential.  It  must  be 
remembered,  however,  that  the  course  and  distribution  of  the  nerves  are 
liable  to  considerable  variations,  so  that  the  points  suitable  for  excitation — 
or  the  motor  points,  aa  they  are  called — can  only  be  pointed  out  approxi- 
mately. It  is,  therefore,  necessary  iu  practice  to  make  a  few  trials  before 
the  true  motor  point  for  a  particular  group  of  muscles  is  ascertained. 
The  motor  ^>oillts  for  each  nerve,  trunk,  and  muscular  branch  have  been 
carefully  determined  by  Ziemssen,  and  bis  figures,  copied  by  permission 
from  Dr.  Tibbit'a  book,  will  bo  found  in  the  special  [)art  of  the  work.  By 
the  aid  of  these  figures  the  student  can  approximately  det«rmine  the 
motor  points  for  each  nerve  and  muscle  accessible  to  electrisation. 

(c)  Faradisation  of  Ititemal  Organs  and  Special  Senses. — The  faradic 
current  may  he  applied  directly,  by  means  of  suitable  conductors,  to  a 
great  many  of  the  internal  organs,  such  as  the  rectum,  bla<lder,  uterus, 
male  genital  organs,  larynx,  oesophagus,  and  stomach  ;  but  for  further 
information  upon  this  subject  we  must  refer  the  reader  to  special  works 
on  electric  tlierapeutics.  The  furadic  current  ia  but  rarely  employed  iu  the 
treatment  of  the  affections  of  special  sense,  its  use  being  superseded  by 
that  of  the  galvanic  current. 

(ill.)  Galvanism. — The  Oalvanic,  Voltaic,  Dynamic,  or 
Constant  Current,  as  it  is  variously  called,  is  the  electricity  of 
chemical  action  discovered  by  Volta  and  Galvani.  The  current 
of  electricity  pa.sses  from  the  positive  jtole  or  anode  to  tlie  nega- 
tive pole  or  caifiode,  and  for  medical  purposes  it  should  be  both 
continuous  and  constant,  inasmuch  as  any  interruptions  or  con- 
siderable variations  in  the  power  of  the  current  would  alter  its 
character,  and  render  its  applications  for  several  purposes  both 
untrustworthy  and  dangerou.s.  The  intensity  of  the  current 
depends  on  the  number  of  cells  employed,  and  its  qvxintity  on 
the  size  of  the  elements.  The  currents  used  in  medicine  are 
of  low  tension  and  considerable  quantity. 
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§  172.  Methods  of  Application. 
AH  that  has  already  been  said  with  respect  to  percutaneous  faradisation 
and  faradisation  by  acupuncture,  as  well  as  to  direct  and  indirect  muscular 
fandiaation,  applies  equally  to  the  application  of  the  galvanic  current.  It 
U  unnecMMry,  therefore,  to  repeat  what  has  been  said  with  regard  to  the 
naceaaity  of  having  both  the  rheophorea  and  skin  well  moistened  with 
wana  water  and  salt  when  the  current  is  applied  percutaneously,  or  to  the 
choice  of  the  motor  points  both  in  direct  and  indirect  muscular  galvanisa- 
tion. Owing  to  the  low  tension  of  the  galvanic  current  its  application  by 
■cupnnctnre  is  of  even  more  importance  and  value  than  a  similar  applica- 
tion of  the  faradio  current,  the  latter,  from  its  higher  tension,  being  able 
to  penetrate  deeper  through  the  ti.<!suea. 

(1)  Stabile  Application. — According  to  this  method  the  rheophores  are 
maintained  immovable  on  the  skin,  or  the  affected  extremities  are  placed 
in  tepid  salt  water,  with  which  the  conducting  wires  of  the  battery  are  in 
ooDtaot. 

(2)  LahiU  Application, — In  this  method  the  cathode  is  made  to  glide 
over  the  akin,  in  the  direction  of  the  nerves  and  muscles  to  bo  acted  on. 

(3)  Interrupted  Currents  and  Voltaic  AUernatiitt.— The  oon8ta.ntc\iTTent 
acta  as  a  stimulus  to  both  nerves  and  muscles  at  the  moment  of  making 
and  breaking  contact ;  hence  if  it  is  desired  to  produce  muscular  contraction 
the  current  is  intemipted  by  suddenly  removing  one  of  the  rheophores, 
and  reformed  by  the  rheophore  being  suddenly  applied  again.  When  by 
the  aid  of  a  commutator  the  current  is  not  only  interrupted,  but  also  sud- 
denly passed  in  the  opposite  direction — a  descending  current,  for  instance, 
being  suddenly  changed  for  an  ascending  current — the  method  has  been 
caUed  by  Remak,  who  introduced  the  practice,  voltaic  alternatives.  Sudden 
raretMl  is  a  much  more  powerful  stimulant  both  to  nerve  and  muscle  than 
simple  interruption  of  the  current. 

(4)  77k  Direction  and  Polar  Method*. — In  the  direction  method  one 
rheophore  is  placed  over  the  plexus,  and  the  other  over  the  trunk  of  the 
nerre.  When  the  anode  is  centrally  placed  the  current  is  called  a 
descending  current,  and  when  the  cathode  occupies  that  position  the 
current  is  called  an  ascending  current.  In  the  polar  method  one  rheophore 
ia  placed  on  an  indifferent  port  of  the  body,  such  as  the  sternum,  and  the 
other  is  placed  over  the  nerve  which  it  is  desired  to  stimulate.  It  was  at 
ODo  time  supposed  that  these  two  methods  of  application  involved  two 
different  principles  of  action,  but  the  effects  produced  can  be  resolved 
into  the  same  principles  in  both  cases.  When  the  cathode  is  used  as  the 
exciting  pole  in  the  polar  method  the  same  land  and  degree  of  contraction 
is  obtained  as  when  the  cathode  is  peripherally  placed  in  the  direction 
method ;  and,  conversely,  when  the  anode  is  used  as  the  exciting  pole  in  the 
polar  method  the  reactions  obtained  are  the  some  as  those  produced  when 
the  anode  is  peripherally  placed  in  the  direction  method. 

(5)  General  Galvanisation : — 
(o)  Ctntralited   Oatvanisation.—  XJadeT  this  name  Drs.   Beard    and 
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Kockwell  have  recommended  a  method  of  applying  the  galvanic  i 
with  the  view  of  bringing  the  brain,  spinal  cord,  sympathetic  system,  and 
the  pneumogastric  nerves  under  its  influence.  The  cathode  is  plac«d  over 
the  epigastrium  ;  while  the  anode  is  passed  over  the  forehead  and  top  of 
the  head,  along  the  iimer  border  of  the  stemo-mastoid  muscle,  from  tb* 
mastoid  fossa  to  the  sternum,  and  at  the  nape  of  the  neck  and  down  the 
entire  length  of  the  spine.  The  great  aim  in  centralised  galvanisation  ia 
to  influence  the  central  nen:oua  system,  while  the  aim  of  general  faradisa- 
tion is  to  influence  the  muscular  system. 

{b)  Electric  Bath. — There  are  several  forms  of  electric  bath,  but  the 
simplest  ia  that  in  which  one  pole  of  the  battery  is  connected  with  the 
water  in  which  the  body  is  immersed  ;  while  the  patient  grasps  in  bis 
hands  a  copper  bar  covered  w  ith  wet  flannel,  and  in  connection  with  the 
second  pole  of  the  battery. 

(6)  Localised  Oah-anisation. — The  methods  of  local  application  of  the 
galvanic  current  admit  of  the  same  subdivisions  as  those  of  the  faradic 
current,  namely  (a)  cutaneous  galvanisation,  (&)  neuro-muscular  galvani- 
sation, and  (c)  galvanisation  of  the  special  senses  and  internal  organs, 

(a)  Cutaneous  Oah-anisation. —  In  applying  the  galvanic  current  to  the 
skin  the  same  precautions  must  be  adopted  with  respect  to  the  use  of  dry 
rheophores  as  were  mentioned  in  the  case  of  the  faradic  current.  The 
local  application  of  the  galvanic  current  to  the  skin  has  been  found  useful 
in  the  treatment  of  some  skin  diseases,  as  eczema  and  herpes.  Its  use  in 
removing  small  neovi,  and,  indeed,  its  surgical  uses  generally,  as  well  as 
the  applications  of  electrolysis  for  the  cure  of  aneurism,  will  be  ptased 
over  here  entirely  as  not  being  part  of  our  subject.  In  the  treatment  of 
peripheral  neuralgia  one  or  both  poles  are  placed  over  the  track  of  the 
cutaneous  sensory  nerve,  and  it  is  particularly  advantageous  to  place  one 
of  the  poles  in  succession  over  the  points  douloureux.  Directions  for  the 
selection  of  these  tender  spots  will  be  given  in  the  si>ecial  part  of  the  work. 

(b)  ^euro-muscular  Gahaiusation. — The  law  of  muscular  contraction, 
as  well  as  the  applications  of  electricity  in  aiding  the  diagnosis  of  the 
various  forms  of  paralysis,  has  already  been  described,  and  need  not  be 
repeated  here.  Direct  galvanisation  is  found  very  useful  in  the  treatment 
of  paralysed  muscles  which  manifest  the  reaction  of  degeneration.  lo 
such  cases  anodal  opening  forms  the  most  powerful  stimulus  to  the 
muscles,  and  the  cathode  may  be  placed  on  some  indifferent  point  of  the 
body.  When  the  catalytic  action  of  the  current  is  desired  a  stabile  or 
labile  application  of  the  current  should  be  employed,  and  it  does  not 
appear  to  afi'eci  the  result  obtained  whether  the  ascending  or  descending 
current  be  employed. 

(c)  Oaleanisation  of  the  Special  Sense*  a»«£  Internal  Organs.— la  gal- 
vanisation of  the  organs  of  special  sense  one  moistened  rheophore  is  placed 
upon  the  face  and  the  second  on  the  organ  requiring  treatm'^nt.  In  gal- 
vanisation of  the  retina  the  second  moitttened  rheophore  is  placed  over  the 
closed  eye.    The  retma  is  {)eculiarly  sensitive  to  the  galvanic  current,  and 
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flashes  of  light  are  observed  from  its  stimulation  when  the  current  is 
pawed  through  any  part  of  the  head  and  face.  In  galvanisation  of  the 
auditory  nerve  the  external  meatus  is  partly  filled  with  tepid  water,  and 
a  metallic  rheophore,  insulated  by  ivory  or  vulcanite  except  at  the 
extremity,  is  placed  in  it  so  as  to  dip  into  the  water.  Galvanisation  of 
the  olfactory  nerve  is  effected  by  moviug  a  metallic  sound,  insulated 
except  at  its  extremity,  over  all  the  points  of  the  nasal  mucous  membrane. 
In  applying  the  current  to  the  tongue  the  rheophore  is  moved  over  the 
base  and  borders  of  the  tongue,  while  the  second  is  placed  over  the  back 
of  the  neck. 

(<{)  Oalcanuation  of  the  Brain  may  be  effected  by  placing  an  electrode 
on  each  mastoid  process,  or  each  temple,  or  the  frontal  and  occipital  pro- 
tuberancea.  The  sitting  should  not  exceed  thirty  seconds,  and  the  current 
ahould  be  instantly  stopped  on  the  occurrence  of  the  least  giddiness. 

(e)  Oa/vaniiation  of  the  Sympathetic. —  Benedikt  advises  galvanisation 
of  the  cervical  ganglia  of  the  sympathetio  for  the  reUef  of  symptoms  of 
iotercranial  origin.  One  electrode  may  be  deeply  pressed  into  the 
aaricolo-maxillary  fossie,  and  tlie  other  with  a  good-sized  sponge  appUed 
OTW  the  sixth  or  seventh  cervical  vertebra,  or  to  the  manubrium  stemi, 
eloae  to  the  border  of  the  sterno-mastoid.  The  duration  should  be  from 
Od0  to  three  or  four  minutes,  and  with  ten  to  twenty  cells. 

(f)  Oaltianieation  of  the  Spiiinl  Cord. — Either  the  stabile  or  labile 
application  of  the  current  may  be  employed  in  the  treatment  of  the  spinal 
cord.  In  the  former  method  either  pole  may  be  placed  on  the  nape  of 
the  Deck,  while  the  other  is  placed  over  the  lumbar  region  or  on  a  nerve 
or  muscle.  When  only  a  small  portion  of  the  spinal  cord  ro<]uirea  treat- 
meot  the  poles  must  be  placed  so  as  to  include  the  diseased  portion  in  the 
circuit.  In  the  labile  apphcatiou  the  anode  is  placed  on  the  nape  of  the 
neck  or  above  the  limit  of  the  lesion,  and  the  cathode  is  moved  up  and 
down  by  the  sides  of  the  vertebnn,  about  forty  times  at  each  sitting.  As 
the  current  must  penetrate  deeply  before  reaching  the  spinal  cord  a  strong 
coarcnt  must  be  used,  and  large  moist  electrodes,  presenting  not  less  than 
Ibvr  square  inches  of  surface,  should  be  employed  so  as  to  diminish  the 
pain  on  the  surface.  Galvanisation  of  the  internal  organs  may  be  applied 
bjr  methods  similar  to  those  adopted  for  the  application  of  the  faradio 
current. 


» 


§  173.  Uses  of  Electricity — The  uses  of  electricity,  in  the 
treatment  of  various  nervous  diseases,  will  be  described  in  the 
special  part  of  this  work  ;  but  it  will  be  useful  to  mention  here 
one  or  two  general  principles  which  underlie  all  the  medical 
applications  of  this  physical  agent.  The  faradic  current  is  a 
powerful  stimulant  to  both  nerves  and  muscles,  and  when  a 
simple  stimulant  eS'ect  is  alone  desired,  this  current  is,  as  a 
mle,  more  applicable  than  the  galvanic  current.     The  faradic 
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current  is,  therefore,  a  valuable  agent  in  the  treatment  of  all 
diseases  of  the  nervous  system  in  which  the  irritability  is 
depressed,  no  matter  whether  this  declare  itself  by  sensory  or 
motor  paralysis.  It  may,  therefore,  be  used  as  a  cutaneous 
stimulant,  either  to  act  on  the  skin  directly  in  cases  of 
anaesthesia,  or  to  act  on  remote  organs  in  a  reflex  manner ;  or 
it  may  be  used  as  a  powerful  neuro-muscular  stimulant  in  the  h 
various  forms  of  paralysis.  | 

Tfi£  Oulvanic  Current  acts  as  a  stimulant  to  nerves  and 
muscles  both  on  making  and  breaking  contact,  and  in  addition 
produces  a  profound  alteration  of  nutrition  during  the  time  the 
current  is  interruptedly  passing  through  an  organ.     The  latter  fl 
action  has  been  called  by  Remak  its  catalytic  action,  and  it  is 
to  it  probably  that  the  constant  current  owes  the  many  advan- 
tages it  possesses  over  the  faradic  current  in  the  treatment  of 
many  of  the  diseases  of  the  nervous  system.     The  stimulant 
action  of  the  constant  current  is,  however,  very  important  both 
ae  a  means  of  diagnosis  and  in  the  treatment  of  paralysis.    We 
have  seen  that  while  paralysed  muscles  manifest  the  reaction 
of  degeneration,  they  are  more  sensitive  to  the  action  of  the 
galvanic  than  of  the  faradic  current,  and  in  these  cases  the 
constant  current  should  be  selected  to  stimulate  the  nutrition  fl 
of  the  affected  muscles.     With  this  exception,  however,  the  " 
faradic  is  a  more  powerful  agent  in  the  direct  treatment  of 
paralysed  muscles  than  the  constant  current.    But  the  catalytic  fl 
action  of  the  constant  current  renders  it  an  exceedingly  valu- 
able  agent  in  modifying  the  nutrition  of  the  nerves  and  trunka 
of  the  central  organs  of  the  nervous  system,  and  it  may  even 
be  used  iu  the  treatment  of  cases  where  the  irritability  of 
portions  of  the  nervous  system  is   increased,  and  to   which, 
therefore,    the   faradic    current    is   wholly   inapplicable.      As 
examples  of  the  numerous  applications  of  the  constant  current, 
may  bo  mentioned  its  employment  for  the  relief  of  pain  in  ^ 
neuralgia,  and  the  assuaging  of  various  forms  of  spasm,  not  to  H 
speak  of  its  numerous  applications  both  locally  and  generally 
in  the  treatment  of  chronic  diseases  of  the  brain,  spinal  cord, 
special  senses,  and  viscera. 
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§  174.  (4)  To  Allay  or  Remove  Serious  Symptoms. 

The  fourth  indication  of  treatment  is  to  allay  or  remove 
serious  symptoms,  and  of  these  the  distressing  symptom  of  pain 
is  by  far  the  most  prominent  and  important.  Of  all  the  internal 
remedies  which  can  be  used  for  alleviating  pain  opium  and  its 
various  preparations  are  by  far  the  most  important.  This  drug, 
however,  appears  to  increase  the  irritability  of  the  spinal  cord, 
and  it  must  be  administered  with  caution  where  pain  is  asso- 
ciated with  reflex  spasm.  Bromide  of  potassium,  chloride  of 
ammonia,  chloral,  croton  chloral,  quinine,  and  various  other 
remedies  may  at  times  be  used  to  allay  pain,  especially  the  pain 
of  neuralgia,  and  some  of  these  remedies  ought  to  be  used  in 
preference  to  opium  in  suitable  fcasea  The  constant  current 
is  also  a  valuable  agent  for  assuaging  pain,  and  where  it  succeeds 
it  shotild  be  preferred  to  all  other  rennedies,  inasmuch  as  its  use 
is  not  attended  with  any  evil  after  consequences. 

§  175.  Cold,  continuously  applied,  has  been  used  as  a  palliative 
for  the  removal  of  pain  in  neuralgia  ;  while,  at  other  times,  the 
local  application  of  warmth  affords  relief,  probably  by  producing 
relaxation  of  the  tissues  in  which  the  nerve  fibres  are  embedded. 

§  176.  Aconite  and  Veratrine,  applied  externally  in  the  form 
of  ointment  or  liniment,  have  also  been  found  efficacious  for  the 
removal  of  pain.  The  liniment  or  tincture  of  aconite  may  be 
painted  over  the  painful  nerve ;  but  a  more  effectual  method 
is  tx>  rub  in  an  ointment  containing  a  grain  of  aconitine  to  the 
drachm  of  lard,  twice  a  day,  so  as  to  maintain  complete  numb- 
ness of  the  part  for  two  or  three  consecutive  days.  Veratrine 
and  atropine  ointment  may  be  used  in  the  same  way ;  but  the 
pharmacopoeia  ointment  of  the  former  is  too  strong. 

Contimious  pressure  over  a  nerve  has  been  employed  to 
arrest  its  conduction.  This  treatment  has  been  found  useful 
in  allaying  the  pain  of  neuralgia  and  in  arresting  motor  spasm. 


§  177.  Surfjical  Operations. — When  a  nerve  is  simply  divided 

[the  operation  is  called   neihrotomy ;  but  when  a  portion  is 

[dissected  oat  it  is  called  neurectomy.    Both  these  operations 

bave  been  suocessfully  used  for  the  removal  of  pain  or  spasm. 
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Interruption  of  the  coutiauity  of  the  nerve  brings  immediate 
relief,  btit  the  pain  or  spasm  is  apt  to  recur  when  the  divided 
end.^  of  the  nerve  reunite.  Division  of  a  mixed  nerve  causes 
paralysis  of  the  muscles  supplied  by  it,  so  the  division  or 
resection  of  a  mixed  nerve  should  only  be  imdertaken  under 
the  most  pressing  need. 

§  178.  Stretching  of  the  affected  nerve  is  an  operation  which 
was  first  proposed  by  Nussbaum  for  the  cure  of  various  forms 
of  peripheric  neuroses,  and  its  employment  has  so  far  been 
attended  with  brilliant  success,  It  has  not  only  been  found 
beneficial  for  the  removal  of  pain  and  spasm,  but  it  appears 
to  be  of  great  use  in  the  treatment  of  tetanus  and  probably 
other  centric  affections.  The  treatment  of  various  other 
distressing  symptoms,  such  aa  cystitis,  incontinence  of  urine, 
painful  priapism,  and  bed-sores,  which  are  apt  to  supervene  in 
the  course  of  centric  diseases  of  the  nervous  system,  will  be 
described  in  the  special  part  of  the  work. 
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ANATOMICAL    INTRODUCTION. 

Each  spinal  nerve  arises  by  two  roots — an  anterior  which 
contains  the  efferent,  and  a  posterior  which  contains  the 
afferent  fibres  (Fig.  11,  a  a  and  yj).  The  posterior  or  sensory 
root  posnesses  a  ganglion  the  functions  of  which  are  not  accu- 
rately ascertained,  although  it  is  known  to  contain  the  trophic 
centre  of  the  afferent  fibres.  The  anterior  roots  are  sensitive, 
but  that  they  derive  their  sensibility  from  the  posterior  roots  is 
shown  by  the  fact  that  all  sensibility  ceases  on  the  latter  being 
divided.  The  sensibility  manifested  by  the  anterior  roots  has 
been  called  "recurrent  sensibility,"  because  it  is  due  to  the 
bending  back  of  sensory  fibres  along  efferent  channels. 

f     §  179.  Recurrent  sensibility  is  illustrated  by  the  following 
diagram  ;—  Fio.  la 


,W  (From  Hermum'*  "PhjwSoloCT").— P  K  and  A  «re  mpeetiTely  the 
or  Mid  Ulterior  root*.  The  fibres  of  the  poeterior  root  are  seen  to 
ate  in  the  cutaneooa  (urface  C  ;  while  the  fibme  of  the  anterior  root 
terminate  in  a  niuacle  M  ;  R  represents  a  luop  of  sensory  fibres  passing  from 
tb*  posterior  roots  and  bendinfr  backward  to  join  A,  the  anterior  root,  and 
fttnushing  it  with  recurrent  sensibility. 
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§  ISO.  Structure  of  Nerves. — The  trunks  of  the  spinal  nerves  I 
consist  of : — 

(1)  Nerve  fibres  arranged  longitudinally  to  form  a  bundle 
{Fig.  19,  N).  The  fibres  within  a  bundle  are  separated  from 
each  other  by  numerous  connective  tissue  fibres,  and  flat- 
tened connective  tissue  cells,  which  together  constitute  the 
endoneufium. 

(2)  Each  bundle  is  surrounded  by  a  special  sheath  of  con- 
nective tissue,  called  the  perineurium  {Fig.  19,  P).  This 
sheath  possesses  a  lamellar  structure ;  the  lamellae  consist  of 
bundles  of  fibrous  connective  tissue,  and  between  them  flattened 
connective  tissue  celk  are  observed,  lying  in  spaces  which 
constitute  more  or  less  continuous  lymph  channels.  The  lymph 
spaces  of  the  endoneurium  have  been  injected  by  Axel  Key 
and  Retzius  in  connection  with  the  lymph  spaces  of  the  peri- 
neurium. 

(3)  The  bundles  of  nerve  fibres  are  arranged  longitudinally, 
and  held  together  in  a  common  framework — the  epincurium 

Fig.  19. 


FlQ.  19  (From  Klein's  "  Alias  of  Hiatolosv  "I.    Tranntnt  Seetum  of  a  Nml' 
N,  N,  Nerve  fibre*  ;  P,  Permeuriain ;  £P,  Kpineurium ;  F,  Fat  cell*. 
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{Fig.  19,  EP).  This  framework  is  composed  of  bundles  of 
fibrous  connective  tissue,  arranged  as  larger  or  smaller  trabe- 
calae,  which  cross  each  other,  and  thus  form  a  more  or  less 
deose  plexua  Ordinary  flattened  and  branched  connective 
tissue  cells  may  be  observed  between  the  connective  tissue 
bundles ;  while  fat  cells,  a  plexus  of  lymphatics,  and  the 
blood-vessels  which  supply  the  nerve  trunk,  are  embedded  in 
the  substance  of  the  epinearium. 


^ 


§  181.  The  Deep  Origin  and  Surface  Attachments  of  the 
Cranial  Nerves. 

ntfirtt  or  olfactory  nerve  or  tract  must  be  regained  as  a  constituent 
put  of  the  cerebrum  and  not  as  a  true  nerve.  It  is  attached  to  the  under 
■ni&ce  of  the  frontal  lobe  in  front  of  the  anterior  perforated  space,  by 
liwnii  of  three  roots.  The  external  or  Urng  root  passes  outwards  and  back- 
wards towards  the  posterior  border  of  the  Sylvian  fissure  where  it  dis- 
appears. The  middle  or  grey  root  conaista  of  grey  matter  on  the  surface, 
which  is  prolonged  bora  that  of  the  adjacent  port  of  the  frontal  lobe  and 
the  anterior  perforated  space  (Quain).  The  intenud  or  thort  root  is  com- 
posed of  white  fibres  which  may  bo  traced  from  the  inner  and  posterior 
part  of  the  frontal  lobe.  The  outer  root  has  been  traced  to  the  island  of 
Reil,  the  optic  thalamus,  and  to  a  nucleus  in  the  substance  of  the  tcmporo- 
■phenoidal  lobe  in  front  of  the  anterior  extremity  of  the  hippocampus. 
It  has  been  supposed  that  the  fibres  of  the  inner  root  are  connected  with 
the  anterior  extremity  of  the  gyrus  foniicatus,  or  cross  over  to  the  opposite 
hemisphere.  The  fibres  of  the  middle  root  are  said  by  some  to  join  those 
of  the  iimer  root,  by  others  to  be  connected  with  the  corpus  striatum 
(Quaiii). 

Tht  Optie  Tract  arises  from  the  stratum  lonala  and  posterior  part  of 
the  optic  thalamus  (Pulvinar,  Fig.  30,  Pv),  the  internal  and  external 
geniculate  bodies  {Fiff.  20,  Cgm),  and  the  anterior  of  the  corpora  quadri- 
gnniniL  Additional  fibres  are  derived  from  the  lamina  cinerea,  and  from 
the  tuber  cinereum.  Some  of  the  fibres,  whose  functions  ore  probably  of 
reflex  character,  may  be  traced  to  a  nucleus  in  the  cerebral  peduncles 
(Stilling).  The  cortical  centre  of  vision  itt  situated,  according  to  Ferrier, 
in  the  angular  gyrus  ;  but  the  researches  of  Munk  appear  to  show  that 
the  visual  centre  must  be  placed  further  back  in  the  occipital  lobe. 
The  conducting  paths  which  connect  the  bosol  origin  of  the  nerve  (the 
thalamus  and  geniculate  bodies)  with  the  cortical  centre  pass  probably 
through  the  posterior  part  of  the  internal  capsule  and  corona  radiata  to 
rsach  the  convolutions  of  the  occipital  lobe. 

Immediately  after  its  formation  at  the  external  geniculate  body  the 
optio  tract  forms  a  flattened  band,  which  winds  round  the  cerebral 
peduncle  and  tuber  cinereum  and  passes  under  the  lamina  cinerea,  where 
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it  uuites  with  its  fellow  of  the  opposite  side  to  form  the  optic  eommunrt 
or  chiatma. 

Chiasma. — The  crosaing  of  the  fibres  in  the  chiasma  appears  to  vary 
considerably  in  different  animals.  In  the  dog,  for  instance,  the  crossing 
is  of  a  somewhat  complicated  character.  Pathological  records,  howeTW, 
appear  to  show  that  in  man  the  fibres  of  the  optic  tract  of  one  side  put 
to  the  outer  or  temporal  half  of  the  retina  on  the  same  side,  and  the  inner 
or  nasal  half  of  the  retina  on  the  opixwite  side,  these  being  the  parts  of 
the  retina}  which  are  associated  in  their  functions. 

Blood- itucU.^The  optic  tract  receives  at  its  origin  twigs  fipom  tho 
arteries  distributed  to  the  corpora  quadrigemina  and  tho  choroid  plexoi. 
As  it  passes  under  the  cerebral  peduncle  to  the  chiasma  it  is  covered  by 
the  pia  mater,  from  which  it  derives  its  vascular  supply.  The  optic  nerve 
receives  its  arterial  supply  from  the  vessels  of  the  tract,  and  receives 
additional  branches  from  the  posterior  or  short  ciliary  arteries. 

The  Arleria  Centralis  Rttince  is  derived  from  the  trunk  of  the  ophthalmic 
artery,  or  from  one  of  its  ciliary  or  muscular  branches,  and  enters  the 


Fio.  20, 


1 


Flo.  20  (From  Henle't  "  Anatomie").— The  Corpora  Quwlri^einina  viewed  from 
above  nfter  the  OrebcUam  baa  been  removed.  Ccp,  .Superior  Pedancle  o(  the 
Curebt'llum  :  Ccn,  Peduncle  of  the  Cerebellum  to  the  Oorjwra  Qutdrinmina ; 
Lg,  the  Valve  ot  V'ieu!i8E>iu  ;  Vma,  Velum  medulara  ant.  ;  Ccb,  Cnii  Cerebri: 
Cgm,  iDternal  Geuiculate  Body,  The  External  Geniculate  Body  ia  eitaatn 
oloie  to  the  outer  border  of  the  mtemal  one,  but  is  concealed  by  the  Thalamoa. 
Bca,  Bcp,  Anterior,  and  Posterior  Brachia  connecting  the  corpora  r^uadrigemina 
with  the  Pulvinar  ;  Pv,  Pulvinar  ;  Tho,  Thalamus  Opticus  ;  Cn,  Pineal  Gland  ; 
rV,  Tho  Fourth  or  Trochlear  Nerve. 
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nerve  ftboat  three-eighths  of  an  inch  from  the  sclerotica.  Its  main  branches 
are  distributed  to  the  retina,  although  small  branches  communicate  with 
the  outrieut  vessels  of  the  optic  nerve. 

TTx  third  and  fourlfi  ncrva  (oeulo-motorvu  and  IrochUarit)  arise 
from  a  grey  nucleus,  common  to  both,  beneath  the  floor  of  the  aqueduct  of 
Sylvius.  This  nucleus  communicates  with  the  corpora  quadrigemina,  and 
through  the  cms  with  the  lenticular  nucleus.  The  fourth  has  also  an 
additional  origin  from  the  locus  cocruleus. 

The  third,  or  oculo-raotorius,  nerve  passes  downwards  and  forwards, 
and  pierces  the  under  and  inner  surface  of  the  cms  cerebri  in  the  inter- 
pedoiicnlar  space,  close  to  the  up{)er  maj^n  of  the  pons.  From  this 
point  the  nerve  passes  forwards  and  outwards,  and,  after  piercing  the 
inner  layer  of  the  dura  mater,  close  to  the  posterior  cliuoid  process,  it 
reaches  the  external  wall  of  the  cavernous  sinus,  and  proceeds  forward 
towards  the  sphenoidal  fissure. 

The  fourth  nerve  turns  upwards  and  describes  a  semicircle  around 
the  aiiueduct  of  Sylvius.  It  then  pierces  the  roof  of  the  aqueduct,  and, 
after  decussating  with  its  fellow,  crosses  to  the  opposite  side,  and  pierces 
Um  cms  at  its  superior  and  external  border  {Fig.  '20,  IV),  The  nerve  then 
|HH[¥iii  forwards  along  the  free  border  of  the  tentorium  to  reach  the 
•xterual  wall  of  the  cavernous  sinus,  along  which  it  proceeds  to  reach  the 
sphenoidal  fissure. 

TKt  fifth  or  trifacial  nerve  arises  like  a  spinal  nerve  by  two  roots,  the 
on«  motor  and  the  other  sensory.  The  latter  is  like  the  posterior 
root  of  a  spinal  nerve,  inasmuch  as  it  passes  through  a  ganglion — the 
Qaaserian  ganglion. 

The  fibres  of  the  trigeminal  nerve  take  their  origin  from  several 
nuclei :  (a)  The  trigeminal  nucleus,  which  is  analogous  to  the  pos- 
terior coma  of  the  grey  substance  of  the  cord,  and,  like  the  latter, 
MDtaius  only  small  ganglionic  cells.    It  is  situated  on  a  level  with  the 


Fia.  21. 


FlO.  SI  (Prom  LandnU'  "  Pbysiologie  ").— Schema  of  the  semi-decnmition  of  the 
fibres  of  the  Optic  Commissure ;  b  a,  I^ft  Optic  Tract,  the  tibren  of  which  u-h 
distributed  to  tbe  left  halves  df  both  retinni ;  V  a',  tii«  lUght  Tract,  with  its 
fikfM  rapplying  the  right  halves  of  both  retinie. 
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point  of  exit  of  the  nerve  from  the  pons  and  towards  the  outer  port  of 
the  floor  of  the  fourth  ventricle,  (i)  An  ascending  root,  derived  from 
the  posterior  column  of  the  cord  from  a  portion  at  least  as  low  down 
OS  the  middle  of  the  neck.  The  fibres  spring  from  the  grey  aubstanoe 
of  the  posterior  comu,  and  ascend  in  the  white  posterior  colamna. 
At  the  side  of  the  medulla  the  fibroM  run  very  superficially,  constitating 
the  tubercle  of  Rolando,  (c)  Ducending  Roots  (1)  from  the  large-celled 
motor  nxit  in  the  neighbourhood  of  the  corpora  quadrigemina.  The 
connections  of  this  root  with  the  ganglia  of  the  brain  are  not  known  : 
(2)  from  a  collection  of  large  vesicular  cells  (similar  to  the  oella  of 
the  spinal  ganglia)   at  the  side  of  the  aqueduct  of  Sylvias  ;    and  (3) 


Fio.  22 


Fio.  22  (aft«r  Krb'.  Vieu  of  (he  Potlerior  Surfaee  of  the  Medulla,  the  roof  i 
fourth  ventricle  being  removed  to  ehow  the  rhomboid  sinua  clearly.— The  1 
half  of  the  figure  repreaenta  :~C'n,  funiculiu  coneatas,  and  g,  funiciUaa  gnciKa ; 
O,  obex  ;  jp,  nucleus  of  the  spinal  accessory  ;  p,  nncleus  of  pnetuno^astric, 
p+ip,  ala  oinerea;  R,  restiform  body ;  XII',  nucleus  of  the  hypogloaial ;  (,  fnai- 
cnlus  teres ;  a,  nucleus  of  the  acnosticus ;  m,  strioj  meduUares ;  «,  inferior  s 
naclens  ;  1,  2,  and  3,  middle,  sui>erior,  and  inferior  cerebellar  pedanclei 
tively ;/,  fovea  anterior;  4,  eminentia  teres  (gena  nerri  fadalial  ^  5, 
cotrulens.  The  right  half  of  the  figure  represents  the  nerve  nadei  diacramati- 
cally ;  V,  motor  tri^^eminal  nucleus ;  V,  median,  and  V",  inferior  wmaj 
trigt-minol  naclei ;  VI,  nucleus  of  abdncens  ;  VII,  facial  nucleus ;  VIII,  po*- 
tenor  median  acoustic  nncleus  ;  VIII' anterior  median,  VIII"  posterior  Isliiisl, 
V II  I"  anterior  lateral  acoustic  nuclei ;  IX,  glosso-pbaryngealnncletu;  X,  XI, 
and  XII,  nuclei  of  vagus,  spinal  accewoiy,  and  hypoglossal  nervM  rsspaelt**^. 
The  Roman  numeral*  at  tne  side  of  the  figure,  from  V  to  XII,  TrgimtaX  Wt 
corresponding  nerve  roots. 


J 


ANATOJnCAL   INTRODUCTION. 


287 


from  the  locos  ccemleus,  which  lies  beneath  the  »ui$tantia  ftrruffirua 
in  the  upper  part  of  the  floor  of  the  fourth  ventricle,  {d)  Fibres  from 
the  cerebellum,  running  in  the  crura  cerebelli  and  corirara  quadrigeminn. 

The  nerve  iBSue.s  from  the  side  of  the  pons  considerably  nearer 
the  apper  than  the  lower  border.  The  smallsr  root  is  at  first 
concealed  by  the  larger,  and  is  placed  a  little  higher  up.  Both 
roots  are  directed  forwards  side  by  side  to  the  middle  fossa  of  the 
skull,  through  a  recesa  in  the  dura  mater  on  the  summit  of  the 
petroofl  part  of  the  temporal  bone,  at  the  apex  of  which  the  Gasserian 
ganglion  is  lodged  in  a  depression,  and  receives  on  its  inner  side  fila- 
ma&ts  from  the  carotid  plexus  of  the  sympathetic  nerve.  The  smaller  root 
piMW  inside  and  beneath  the  ganglion  without  communicating  with  it, 
•nd  outside  the  skull  it  joins  the  lowest  of  the  three  trunks  which  issue 
from  the  ganglion. 

The  Sixih  yerce  (abducent)  arises  from  a  large-oelled  nucleus  at  the 
bottom  of  the  groove  in  the  floor  of  the  fourth  ventricle  at  the  junctiun  of 
the  meduUa  oblongata  and  pons  near  the  fasciculus  teres.  This  nucleus 
eommunicates  with  the  nucleus  of  the  third  nerve  of  tbe  opposite  side 
(Duval).  After  the  emergence  of  the  sixth  nerve  &om  the  medulla 
oblongata  it  passes  forwards  and  outwards  over  the  posterior  and  smooth 
quadrilateral  surface  of  the  sphenoid  bone  (dorsum  seUie),  and  enters  the 
cavernous  sinus,  between  the  internal  carotid  artery  and  the  fourth  nerve. 
It  then  passes  forwards  on  the  floor  of  the  atnus,  close  to  the  outer  side  of 
the  carotid  artery,  and  enters  the  orbit  through  the  sphenoidal  fissure 
between  the  heads  of  the  external  rectus  muscle. 

77ie  Seventh  or  Facial  Neroe  is  derived  from  a  nucleus  similnr  to  that  of 
the  sixth,  but  situated  somewhat  lower,  and  more  in  tbe  substance  of  the 
medulla  oblongata.  It  was  supposed  that  tbe  nerve  received  a  number  of 
fibres  from  the  nucleus  of  the  sixth,  but  the  observations  of  Cowers  appear 
to  have  disposed  of  this  statement.  A  descending  set  of  fibres  comes  from 
the  lenticular  nucleus  of  the  opposite  side  of  tbe  body.  The  facial  nerves 
appear  on  each  side  of  the  medulla  at  the  inferior  margin  of  the  pons. 
Each  nerve  emerges  in  the  outer  margin  of  the  depression  between  the 
olivary  body  and  the  diverging  restiform  body,  the  auditory  nerve  lying  to 
ita  outer  side.  The  nerve  passes  outwards  from  its  place  of  origin  to  euter 
the  internal  auditory  meatus,  and  at  the  bottom  of  the  meatus  it  enters 
the  aqueduct  of  Fallopius  and  follows  its  windings  to  the  lower  surface  of 
the  akulL 

The  Eighth  or  Auditory  Nerve  receives  fibres  from  four  independent 
nuclei  which  lie  on  a  level  with  tbe  broadest  portion  of  tbe  fourth 
ventricle.  (1)  The  posterior  median  nucleus  {Fig.  22,  VllI),  occupying 
the  whole  space  included  between  the  ala  cinerea  and  the  inferior  cerebellar 
peduncle  up  to  the  anterior  border  of  the  strieo  medullares.  The  posterior 
root  of  the  acoustic  takes  its  chief  origin  from  this  nucleus,  and  passes 
out  partly  in  superficial  fasciculi  (stria)  acousticai)  and  partly  through  the 
body  of  the  medulla.     (2)  Anterior  median  acoustic  nucleus  {Fig.  22, 
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Vlir),  occupying  the  external  angle  of  the  fourth  Tentricle,  about  the 
middle  of  the  inferior  cerebellar  peduncle.  (3)  Posterior  lateral  aoooatio 
tiucleufi  {Fig.  22,  VIII '}  lies  in  the  form  of  a  amall  grey  nodule  betweeo 
the  fasciculi  of  origin  of  the  acouatio  nerve  at  ita  point  of  emergence  from 
the  medulla.  (4)  Anterior  lateral  acoustic  neucleus  (Fig.  22,  Vlli"').  It 
appears  to  be  a  prolongation  of  the  posterior  lateral  nucleus,  and  is  wedged 
in  between  the  middle  peduncle  of  the  cerebellum  and  the  flooculua. 

Thi  Ninth,  or  Olotso-pharynycal  Xcrvc. — The  nucleus  of  the  gloaao- 
pharyngeal  nerve  is  not  neparated  by  a  distinct  boundary  from  th*t  of  the 
vagus,  but  the  former  lies  somewhat  more  superficially  than  the  latter 
(Fig.  22,  IX). 

The  Ttnth  Nerte  (Par  Vagum,  Pneumogattrie  or  VaguM).—Tbe  vagos 
arises  from  a  nucleus  situated  in  the  lower  half  of  the  floor  of  the  foorth 


Pio.  S3. 


FlO.  23  (after  Erb).    Traniparent  lateral  rifte  nf  iht  MeJulta,  (hewing  the  relati>«n 
poaittona  of  the  moat  impnrtant  nuclei ;  right  half  of  l)ie  medulla.  Been  (ram  tha 
unrface  of  Bection  ;  the  parta  that  lie  claeer  to  thi«  surface  are  deeper  ibadci 
Diagramatic.  Pj/,  pTramidal  tract ;  Pj^,  Kr,  decnnatinn  of  pyramidi ;  U,  olivary 
body;  0»,  miperior  olirary  body;  V,  motor,  V,  middle  seniory,  V',  inferior, 
■enaory  nucleiu  of   trigeminus;    VI,  nucleus  of   abdacens;   G/.  genu  facialial 
nervi ;  VII,  nucleus  facialu;  VIIL  posterior  median  aoonxtic  nucleiu;   IX«f 
OloMo-phaiTngeal  nucleui ;  X,  nucleus  of  vagui;  XI,  nadem  of  the  aooca-  j 
•onus ;  XlC  hypoelonal  nncleni ;  Kr,  nucleoi  of  the  funiculus  gncilU ;  R*,^ 
trigeminui  root ;  RVI,  root  of  the  abducens  ;  RVII,  root  of  the  f    '  " 
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rentricla  {Fig.  23,  X),  and  from  another  in  the  substance  of  the 
medulla  oblougata,  near  the  olivary  bodj^.  The  nerre  emerges  from  the 
medulla  oblougata,  between  its  lateral  column  and  the  restiform  body. 
Its  routs,  between  twelve  or  fifteen  in  number,  lie  beneath,  and  in  a  line 
with  the  roots  of  the  glosso-pharyngeal  nerve.  The  filaments  of  the  roots 
are  arranged  in  a  flat  fasciciilus,  which  is  directed  outwards,  with  the 
glooBO-phoryngeal  nerve,  across  the  flocculus  to  the  jugular  forameu. 

The  EleixjUh,  or  Spinal  Accessory  Ntrve,  consists  of  two  branches — an 
int«mal,  derived  from  the  medulla,  which  joins  the  trunk  of  the  poeumo- 
gastric,  and  an  external  branch  derived  from  the  cord,  which  ia  distributed 
to  the  stemo-maatoid  and  trapezius  muscles.  This  nerve  arises  by  a  series 
of  roots,  the  upper  of  which  are  attached  to  the  side  of  the  medulla  below 
those  of  the  pueumogastric,  while  the  remainder  arise  from  the  lateral 
ooIuEnn  of  the  cord  as  low  down  as  the  sixth  or  seventh  {mir  of  cervical 
nerves.  The  upper  roots  pass  inwards  to  a  nucleus  which  lies  on  each 
tide,  at  the  back  of,  and  close  to  the  central  canal.  The  spinal  roots 
pua  through  the  lateral  column  of  the  cord,  and  enter  the  grey  substance 
midway  between  the  anterior  and  posterior  comna. 

The  TiDtlftk  or  Hypoylotml  Ntrvt. — The  nucleus  of  the  hypoglossal 
ooiisiats  of  a  column  of  large  branching  nerve  cells,  which  lies  close  to 
•ad  in  front  of  the  central  canal,  as  low  as  the  decussation  of  the  pyramids. 
When  the  canal  opens  into  the  floor  of  the  fourth  veutricle  the  nucloua 
comes  to  the  surface,  and  causes  a  prominence  close  to  the  middle  line,  a 
little  above  the  point  of  the  calamus  scriptorius. 

Bundles  of  fibres  pass  forwards  from  the  nucleus,  through  the  inner 
side  of  the  olivary  body,  to  form  a  seriea  of  fine  roots  iu  the  furrow 
between  the  anterior  pyramid  of  the  medulla  and  the  olivary  body.  The 
roots  are  collected  into  two  bundles,  which  converge  to  the  anterior 
condyloid  foramen  of  the  occipital  bone.  These  bundles  perforate  the 
dura  mater  separately  within  the  foramen,  and  ore  joiued  into  one  trunk 
after  they  have  passed  through  it. 

The  subjoined  diagrams  {,Fi<j>.  24  and  25)  show  the  surface  attachments 
of  the  cranial  nerves,  and  their  course  through  the  skull,  so  clearly  as  to 
reader  unnecessary  a  detailed  reference  to  them  iu  the  text. 
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Fh».  35  (From  Henle'i  "  Anatomie").     Internal   View  of  the  Bait  of  the  Skull, 

iktnnng  the  Placet  of  Exit  of  the  Cranial  Nerva.  —The  Nerves  are  represented 

^Bby  the  corrcaponding  Koman  numeraU,  from   I  to  XII.      V',  V,  V,  the 

^K£nt,  lecond,  aud  third  diviaioDi  of  the  fifth  respectively.     V*,  the  Ganerian 

^Ptranulion.    The  sensory  root  is  cat  short  in  order  tn  gh(iw  the  motor  root  of 

B  the  fifth  na  it  passes  uoilur  the  ganglion.     The  dura  mater  is  removed  on  the 

V'  lisht  side,  and  the  nerves  may  tie  fullowed  to  the  various  foramina  through 

which  they  pass  from  the  skulL      The  Nerves  III,  IV,  V,  and  VI  may  be 

■e«i  passing  over  the  convexity  of  the  curve,  which  the  internal  carotid  artery 

makes  in  the  groove   of  the    sphenoid  bone.     1,    Anterior  clinoid    procen ; 

3,   Posterior  clinoid  pnwess  ;   3,  Transverse  section  of  the  internal  carotid 

•rtoy.     H,  Peduncle  of  the  pituitary  body ;   t,  anterior  body  of  the  divided 

tentorium  ;  fcb,  Falx  CerebelU. 
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CHAPTER   n. 


GENERAL  DISEASES  OF  THE  PERIPHERAL  NERVT3. 


(I.)-HYPERiEMIA  OF  THE  NERVES— CONGESTION. 

Weir  Mitchell  is  the  only  author  who  has  directed  attentioa 
to  hypera?mia  of  the  nerves.  He  employed  artificial  freezing 
and  thawing  of  exposed  nerves  as  a  means  of  investigation. 
After  thawing,  the  nerves  presented  more  or  less  extensive  nay 
or  dark-red  injections,  and  appeared  somewhat  swollen,  aad 
after  the  prolonged  application  of  cold  punctiform  extravw»- 
tions  of  blood  were  found  between  the  nerve  fibres. 


Pau3| 


§  182.  Symptoms. — The  symptoms  due  to  freezing  are 
anaesthesia,  paralysis,  increase  of  temperature,  and  augmented 
I^rspiration  in  the  region  of  distribution  of  the  nerva  In  iLe 
thawed  portion  of  the  nerve  a  very  painful  sensation  is  felt, 
which  in  the  case  of  the  ulnar  nerve  spreads  backwards  to  the 
brachial  plexus,  and,  in  some  instances,  may  even  produce 
vertigo  and  a  feeling  of  faintness.  The  symptoms  which  follow 
the  thaw  are  hyperassthesia  in  the  region  of  distribution  of  the 
affected  nerve,  and  a  feeling  of  numbness,  creeping,  formication, 
and  partial  loss  of  power,  along  with  a  sense  of  fulness, 
and  slight  swelling  of  the  alfected  part,  but  no  notable 
elevation  of  temperature. 


(n.)-rNFLAirMATION  OF  NERVES-NETTRITia. 
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The  frequency  with  which  neuritis  occurs  is  not  yet  definitely 
settled,  but  there  can  be  no  doubt  that  it  occurs  much  more 
frequently  than  was  at  one  time  supposed,  although  it  ia  ve 
probable  that  some  authors,  like  Remak  and  Benedict,  attnbot 
too  great  importance  to  inflammation  of  nerves. 
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Etiology. — Wounds  of  various  kinds,  contusion,  rupture, 
laceration,  and  the  penetration  of  foreign  bodies,  are  the  best 
known  and  most  frequent  causes  of  neuritis.  Strong  com- 
pression of  a  nerve,  sudden  and  violent  muscular  movements, 
severe  concussions  of  a  nerve  from  long  travelling  in  a  badly- 
constructed  waggon,  and  various  other  injuries  may  also 
cause  neuritis.  Exposure  to  cold,  wet  feet,  and  standing 
in  ice  cold  water,  have  also  been  observed  to  occasion  the 
disease.  Neuritis  may  also  result  from  extension  of  inflam- 
mation from  the  surrounding  tissues  and  organs.  Pleurisy, 
pleuro-pneumonia,  and  tuberculosis  of  the  lungs  have  caused 
inflammation  of  the  intercostal  nerves,  as  proved  by  Beau. 
Acute  and  chronic  rheumatism  of  the  joints,  especially  of 
the  shoulder  joint,  not  unfrequently  lead  to  neuritis.  Caries 
of  bones,  inflamed  tendinous  sheaths,  and  malignant  growths 
may  be  mentioned  as  other  causes  of  the  disease.  Neu- 
ritis frequently  becomes  developed  after  acute  diseases,  such  as 
typhoid  fever,  the  acute  exanthemata,  and  diphtheria ;  and  it 
is  also  often  caused  by  many  chronic  diseases,  such  as  syphilis. 
Inflammation  of  the  nerves  is  also  met  with  in  lepra  anassthetica. 

»     Neuritis  sometimes  appears  in  the  absence  of  any  recognisable 
JBanse,  and  then  we  must  speak  of  its  origin  as  spontaneous  and 
regard  it  as  idiopathic  neuritis. 
Symptoms. — The  symptoms  vary  according  as  the  disease  is 
tteuie  or  cf ironic. 

§  183.  Acute  Neuritis  comes  on  shortly  after  exposure  to  one 
or  other  of  the  causes  of  the  disease.  It  is  ushered  in  by  a  well- 
marked  feeling  of  chilliness  or  by  an  actual  rigor  accompanied 
by  headache,  sleeplessness,  and  smart  fever.  In  inflammation 
of  a  mixed  or  sensory  nerve  the  patient  experiences  severe  and 
almost  intolerable  pain,  occurring  in  the  absence  of  all  external 
causes.  The  pain  is  usually  limited  to  the  region  supplied  by 
the  affected  nerve,  but  when  very  intense  it  may  radiate  to  the 
regions  of  other  nerves  of  the  same  plexus,  and  even  into  more 
remote  nerve  territories.  The  pain  is  generally  intense,  deep- 
seated,  tearing,  boring,  or  burning,  and  it  is  described  as 
almost  continiums.  Perfectly  free  intervals,  such  as  occur  in 
neuralgia,  are  not  observed  in  neuritis,  although  the  symptoms 
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are  characterised  by  remissions  and  paroxysmal  exacerbations, 
The  latter  are  specially  apt  to  occur  at  night.  If  the  neuritis  is 
circumscribed,  paroxysms  of  neuralgic  pain  may,  according  to 
Nothnagel,  be  present,  separated  by  free  intervals ;  but  the  pain 
at  the  inflamed  spot  is  continuous.  Every  movement  of  the 
limb  and  everything  that  excites  the  inflammation  augmenta 
the  pain.  In  excitable  patients  acute  neuritis  may  produce 
great  agitation  of  the  whole  system,  slight  delirium,  and 
emotional  condition,  resembling  an  attack  of  hysteria. 

Inflamed  sensory  or  mixed  nerves  are  always  sensitive 
pressure  or  pinching.  The  pain  caused  by  pressure  shows  itself 
at  the  inflamed  spot,  and  also  radiates  out  from  it  both  io 
centripetal  and  centrifugal  directions.  The  skin  over  the  nenre 
and  in  the  whole  area  of  its  distribution  exhibits  a  marked 
degree  of  h3rper8e6thesia,  and  this  is  accompanied  by  sensations 
of  numbness  and  formication  ;  and  the  hyperscsthe^ia  soon  gives 
place  to  anesthesia  when  the  exudation  begins  to  compress  the 
nerve  fibres. 

In  some  cases  motor  irritative  phenomena,  such  as  twitchings 
and  contractions,  are  present,  but  these  soon  give  place  to 
symptoms  of  paresis  or  paralysif?,  which  may  vary  in  degree  from 
a  slight  feeling  of  fatigue  when  movements  are  made  to 
complete  paralysis.  The  muscles  supplied  by  the  nerve 
frequently  undergo  rapid  atrophy.  In  some  cases  a  red  line 
resembling  a  superficial  lymphanginitis  is  observed  along  the 
course  of  the  inflamed  nerve. 
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§  184i.  Chronic  Neuritis. — Chronic  neuritis  occurs  either  as  a 
sequel  to  an  acute  attack  or  arises  insidiously  with  obscure  symp- 
toms, gradually  or  suddenly  rising  to  great  intensity.  Pain  is 
the  earliest  and  most  constant  symptom.  It  varies  considerably 
in  character  and  intensity,  being  sometimes  dull  and  tensive ; 
at  other  times  of  a  lancinating  or  tearing  character,  and  radiating 
towards  the  periphery.  The  pain  is  continuous,  although  fre- 
quently interrupted  by  paroxysmal  exacerbations,  which  gene- 
rally occur  at  night  and  prevent  sleep.  It  is  increased  by  every 
kind  of  exertion  and  movement,  and  by  everything  which  ex- 
cites the  activity  of  the  heart.  The  patient  also  complains  of 
numbness,  creeping,  formication,  and  of  unpleasant  pricking  sen- 
sations,  when  the  skin  is  touched  or  struck. 
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Sjrmptoma  of  motor  irritation,  such  as  tension  of  the  muscles, 
tremors,  sadden  contractionB,  and  occasionally  violent  tonic 
cramps  and  persistent  contractures,  are  observed,  and  these  are 
succeeded  by  paralytic  phenomena. 

Anaesthesia,  varying  in  degree  from  slight  blunting  to  complete 
loss  of  all  forms  of  sensibility,  is  observed  in  the  second  stage  of 
the  affection. 

Daring  the  primary  or  irritative  stage  of  the  affection,  symp- 
toms of  radiation  and  various  reflex  phenomena  are  commonly 
observed.  Reflex  cramp  is  sometimes  so  violent  that  the  nails 
of  the  fingers,  for  example,  may  bury  themselves  in  the  skin  of 
the  hand,  from  spasm  of  the  flexors.  Occasionally  neuritis  gives 
rise  to  general  convulsions,  hysterical  convulsive  attacks,  and 
even  well -marked  tetanus. 

Swelling  of  the  affected  nerve  may  take  place,  so  that  when 
it  occupies  a  superficial  position  it  can  be  felt  as  a  continuously 
thickened  cord.  In  other  cases  the  thickening  occurs  at  certain 
intervals,  so  as  to  give  rise  to  fusiform  or  moniliform  swellings 
in  its  course  (neiiriiis  nodosa).  The  nerve  is  always  sensitive 
to  pressure,  and  pressure  made  upon  one  of  the  swelled  portions 
of  nerve  occasions  excentric  sensations,  as  pain  and  formication. 

With  regard  to  the  electric  relations,  the  excitability  for  both 
currents  is  increased  in  slight  cases.  If  the  paralysis  is  well 
marked  the  electrical  excitation  may  remain  normal,  aa  in  slight 
cases  proceeding  from  compression ;  but  if  the  disease  has 
advanced  to  degeneration  of  the  nerves,  the  reaction  of  degene- 
ration is  always  present.  The  muscles  become  greatly  atrophied, 
as  a  rule,  but  this  is  not  a  necessary  symptom  of  neuritis. 
Friedreich  is  inclined  to  regard  all  cases  of  neuralgia,  in  which 
muscular  atrophy  supervenes,  aa  being  caused  by  neuritis. 

Trophic  disturbances  in  the  skia  and  nails,  swelling  and 
stiffness  of  the  joints,  have  frequently  been  observed  in  neuritis ; 
and  herpes  zoster  is  probably  dependent  upon  a  similar  affection. 
Epilepsy,  as  well  as  traumatic  trismus  and  tetanus,  may  also  be 
induced  by  neuritis. 

Duration,  Course,  and  Termination. — Acute  neuritis  lasts 
for  a  few  days  or  weeks,  and  either  terminates  in  recovery  or 
passes  into  the  chronic  form.  Chronic  neuritis  is  of  very  un- 
certain,   but   always    of  protracted    duration,   and   even    the 
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slighter  forms  do  not  recover  before  the  lapse  of  weeks  or 
months.  The  traumatic  forms  are  the  least  complicated  when 
reunion  has  taken  place ;  the  disturbances  of  sensibility  first 
disappear,  motor  power  then  gradually  returns,  and  ultimately 
the  atrophy  and  any  secondary  disturbances  of  nutrition  thftt 
may  be  present  gradually  vanish,  and  the  recovery  is  complete. 
Idiopathic  forms  of  neuritis,  those  dependent  on  rheumatic  causes, 
or  which  occur  after  acute  diseases,  are  less  favourable,  and 
may  last  for  months  or  years,  and  in  some  cases  never  entirely 
disappear.  Persistent  neuralgia  and  ani&sthesia,  debility,  and 
even  complete  motor  paralysis,  not  unfrequently  result  from 
chronic  neuritis;  but  improvement  and  recovery  may  take 
place  even  in  these  cases  at  a  late  period  of  the  disease. 
The  course  and  symptoms  of  neuritis  vary  according  as  the 
nerves  affected  are  purely  sensory,  purely  motor,  or  mixed,  but 
the  symptoms  in  each  case  may  be  deduced  from  the  general 
description  which  has  already  been  given. 

Neuritis  manifests  a  constant  disposition  to  propagiate  itself 
along  the  nerve  in  a  centripetal  direction,  and  then  to  extend 
to  nerves  lying  at  a  higher  plane  and  to  the  spinal  cord. 
Leyden  is  inclined  to  refer  the  myelitis,  which  occurs  after  affec- 
tions of  the  urinary  and  other  pelvic  viscera,  to  a  lumbo-sacral 
ascending  neuritis,  extending  to  the  spinal  cord ;  and  Dumdnil 
has  observed  wide-spread  chronic  myelitis  result  from  primary 
ascending  chronic  neuritis.  Friedreich  regards  neuritis  as  the 
middle  term  between  primary  myositis  and  what  he  regards 
as  the  secondary  affection  of  the  spinal  cord  in  progressive 
muscular  atrophy  ;  and  he  also  refers  numerous  other  morbid 
processes  either  to  ascending  or  descending  neuritis. 

§  185.  Morbid  Anatomy. 
Inflammation  of  a  nerve  may  begin  in  the  nerve  fibres 
themselves,  and  it  then  constitutes  a  true  neuritin;  or  it  may 
begin  in  the  sheath  or  epiueurium,  when  it  constitutes  jxiri- 
neuritis.  But  inasmuch  as  the  different  layers  of  the  sh«iith 
of  the  nerve  are  rapidly  invaded  by  the  inflammatory  process 
when  the  nerve  fibres  are  primarily  affected,  and  the  nervo 
fibres  are  readily  implicated  when  the  process  begins  in  the 
sheath,  it  is  not  always  easy  to  distinguish  in  practice  between 
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newritia  and  peri/neuritis.  In  acute  neuritis  or  perineuritis 
the  vessels  become  enlarged  and  distended,  and  tbe  nerve  trunk 
swollen  from  serous,  gelatinous,  or  fibrinous  exudation.  As  the 
disease  proceeds,  the  medulla  coagulates,  and  both  Ihe  inter- 
annular  nuclei  of  the  nerve  fibres  and  the  connective  tissue  nuclei 
undergo  proliferation.  During  the  stage  of  serous  effusion  the 
nerve  may  be  unusually  soft,  but  when  the  efi"usion  becomes 
fibrinous  the  nerve  becomes  abnormally  firm. 

The  further  progress  of  the  case  depend.s  upon  the  acuteneas 
of  the  process  and  the  length  of  time  which  elapses  before  the 
iatlammatory  action  is  arrested.  If  the  iuHammation  subsides 
at  an  early  date  the  eff'usion  is  absorbed  before  there  is  any 
destruction  of  the  nerve  fibres,  and  the  healthy  condition  is 
readily  re-established.  If  the  inflammatory  action  is  very  acute 
and  severe  both  white  and  red  blood  corpuscles  escape  from  the 
vessels,  the  colour  of  the  nerve  becomes  yellow  or  brownish 
red,  its  tissue  is  infiltrated  with  sanguineous  pus,  while  abscesses 
may  form  around  its  trunk  (Mitchell),  and  the  entire  structure 
may  become  completely  disintegrated. 

When  the  process  has  passed  from  the  acute  into  the  chronic 
form,  or  has  been  chronic  from  the  beginning,  the  trunk  of  the 
nerve  becomes  irregularly  vascular,  while  it  becomes  enlarged  in 
some  places  and  atrophied  at  others.  The  sheath  of  the  nerve 
becomes  thickened,  fibrous,  resisting,  and  frequently  adherent 
to  the  adjacent  tissues.  In  cases  of  perineuritis  the  nerve  fibres 
are  compressed  by  the  exudation  and  disappear  after  a  time, 
so  that  the  structure  of  the  nerve  is  supplanted  by  a  band  of 
connective  tissue. 
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§  186.  Diagnosis. 
Where  pain  and  partesthesire  occur  in  the  area  of  distribution 
of  a  certain  nerve,  along  with  symptoms  of  sensory  and  motor 
irritation,  followed  by  paralysis,  and  when  at  the  same  time 
painful  swelling  of  the  nerve  can  be  detected,  there  can  be  no 
doubt  that  neuritis  is  present.  Chronic  neuritis  may  easily  be 
mistaken  for  neuralgia ;  and,  indeed,  the  distinction  between 
the  two  is  by  no  means  clear  at  any  time.  If  the  pain  be  con- 
tinuous and  the  afi'ected  nerve  tender  over  a  large  portion  of 
it£  track,  and  not  simply  over  the  points  of  Valleix,  and  when 
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indications  of  sensory  and  motor  paresis  are  of  early  occurrence, 
then  the  cause  is  probably  neuritis.  Neuritis  is  readily  distin* 
guished  from  muscular  rheumaiiam  by  the  seat  and  extent  of 
the  pain,  whilst  no  pain  is  felt  as  in  the  latter  affection  during 
contraction  of  the  affected  muscles,  or  when  pressure  is  made 
over  them. 

Thrombosis  and  embolism  of  the  larger  vessels  of  the  extre- 
mities may  be  recognised  by  the  coincident  disturbances  of  the 
circulation,  and  by  the  oedema  and  other  symptoms. 

The  diagnosis  between  neuritis  and  diseases  of  the  central 
organs  of  the  nervous  system  will  be  described  in  subsequent 
sections. 


§  187.  Pwgnoais. 
The  jirognosis  is  always  doubtful,  both  on  account  of  the  long 
duration  of  the  disease,  the  secondary  paralytic  and  trophic 
symptoms  which  supervene,  and  the  possible  transference  of 
the  morbid  processes  to  the  central  nervous  system.  The 
prognosis  of  the  acute  traumatic  form  is  relatively  favourable, 
and  the  same  may  be  said  of  the  subacute  and  chronic  forms, 
which  result  from  injury  of  the  nerves.  Idiopathic  and  rheu- 
matic forms  are  frequently  very  obstinate  and  tedious,  and 
only  the  slight  cases  are  likely  to  terminate  favourably.  The 
prognosis  must  depend  in  every  case  on  the  causes  and  extent 
of  the  lesion,  and  especially  upon  the  individual  peculiarities 
which  may  be  present. 
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§  188.  Treatm.eiU. 

The  treatment  must  first  be  directed  to  the  removsj  of  the 
cause,  and  surgical  interference  is  frequently  necessary  in  cases 
of  injury.  At  other  times  the  treatment  must  be  directed 
against  articular  rheumatism,  inflammation  of  tendons,  syphilis, 
and  other  morbid  conditions. 

In  simple  congestion  the  steady  application  of  ice  along  the 
track  of  the  affected  nerve,  elevation  of  the  part,  and  absolute 
rest  suffice  to  arrest  the  disease. 

If  acuU  neuritis  has  been  established,  energetic  antiphlogistic 
treatment  must  be  adopted — local  depletion,  application  of 
ice,  purgatives,  favourable  position  of  the  part.s,  and  absolute 
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rest.  Large  doses  of  quinine  may  be  useful,  and  the  subcuta- 
neous injection  of  morphia  and  atropia  may  be  necessary  to 
allay  pain. 

In  the  siihacute  atui  chronic  forms  the  use  of  the  antiphlo- 
gistic treatment  must  be  less  active.  Cold  may  be  applied  in 
the  form  of  elongated  ice-bottles  covering  the  nerve  throughout 
its  whole  length ;  or  the  wet  bandages  of  Priessnitz  may  be  used, 
with  subsequent  employment  of  cool  hip  baths  (Erb).  In  the 
later  stages  of  the  affection  counter  irritants  are  very  useful,  and 
the  faradic  brush  may  be  applied  over  as  large  a  surface  aa  pos- 
sible, or  painting  with  iodine  and  blistering  may  be  tried. 

The  galvanic  current  is  the  great  remedy  for  all  forms  of 
chronic  neuritis.  The  best  mode  of  employing  it  is  to  keep  the 
anode  steadily  applied  to  the  affected  spot  every  day  for  a  few 
minutes;  but  other  modes  of  application  may  be  required  to 
to  meet  the  special  circumstances  of  the  case.  If  the  symptoms 
be  severe,  absolute  rest  will  be  required,  assisted  by  an  appro- 
priate position.  The  patient  should  be  forbidden  to  take  exer- 
cise or  to  perform  any  kind  of  work  requiring  exertion,  especially 
that  involving  exposure  to  cold  water. 

In  very  obstinate  and  chronic  cases,  recourse  may  be  had  to 
energetic  counter  Irritants,  such  as  the  moxa  and  actual  cautery. 
Hot  baths,  such  as  those  of  Wilbad,  Gastein,  Teplitz,  Wiesbaden, 
mud,  and  strong  saline  baths  have  also  been  found  useful  in 
the  treatment  of  neuritis. 


§  189.  Atrophy  of  the  Nerves. 

Atrophy  of  the  nerves  is  generally  observed  as  a  secondary 
affection  of  other  abnormal  conditions,  as  wounds,  compression, 
and  inflammation  of  nerves,  although  primary  or  idiopathic 
atrophy  of  the  peripheral  nerve.s  does  occasionally  occur. 

In  Idiopathic  Atrophy  the  nerve  is  diminished  in  size  and  has 
a  grey  semi-transparent  aspect,  there  is  a  moderate  hypertrophy 
of  connective  tissue,  and  simple  disappearance  of  the  nerve  fibrils 
without  fatty  degeneration  of  the  medulla. 

Secondary  Atrophy. — The  histological  changes  which  accom- 
pany secondary  atrophy  of  the  nerves  have  already  been  described 
in  the  chapter  on  the  Trophoneuroses.  The  atrophied  nerve 
appears  to  the  naked  eye  as  a  pale  grey,  translucent,  slender. 
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flattened  band ;  its  sheath  is  sometimes  flaccid,  but  more  fre- 
quently thickened  from  hypertrophy  of  the  connective  tissue, 
and  coalesced  with  the  surrounding  tissues. 

Atrophy  of  the  nerves  is  observed  in  anencephalic  monsters, 
spina  bifida  (Rokitansky),  paralytic  idiocy,  bulbar  paralysis, 
many  forms  of  myelitis,  tabes  dorsalis,  spinal  paralysis  of 
children,  general  paralysis  of  adults,  progressive  muscular 
atrophy,  section  or  compression  of  nerves,  and  neuritis. 
Secondary  atrophy  of  nerves  is  sometimes  caused  by  destruc- 
tion or  abolition  of  the  functions  of  peripheral  organs.  There 
occurs  in  these  cases  a  centripetally  extending  atrophy.  The 
form  which  occurs  in  the  optic  nerves  is  the  best  known. 
Simple  atrophy  occurs  at  an  early  period  after  extirpation 
or  destruction  of  the  globe  of  the  eye,  and  after  glaucoma; 
and  at  a  later  period  the  optic  nerves  become  grey  and 
transparent,  and  present  the  histological  characters  of  g^rey 
degeneration.  Many  years  after  an  amputation  of  an  extremity 
has  been  performed,  a  centripetally  progressive  atrophy  of 
the  divided  nerves  has  been  observed,  often  extending  to  the 
spinal  cord,  and  appearing  as  a  simple  attenuation  of  the 
nerves,  or  accompanied  by  all  the  signs  of  neuritic  atrophy. 

Symptoms. — Little  is  known  of  idiopathic  atrophy  of  the 
peripheral  nerves,  with  the  exception  of  the  optic  nerve,  and 
secondary  atrophy  is  a  subsidiary  symptom  of  the  primary 
disease.  It  may  be  laid  down  as  a  general  law  that  wherever 
atrophy  is  developed  the  function  of  the  nerve  is  lowered  or 
lost.  Atrophy  of  nerves  may  be  recognised  by  electrical 
examination,  and  in  the  case  of  the  optic  nerve  by  the  ophthal- 
moscope. When  the  faradic  and  galvanic  irritability  are  much 
below  the  normal,  or  altogether  lost  in  cases  where  the  muscles 
are  not  completely  atrophied,  it  may  be  inferred  that  a  condi- 
tion of  degeneration  and  atrophy  of  the  nerve  supplying  them 
exists. 

Tlie  prognosis  varies  with  the  nature  of  the  primary  disease 
If  recovery  from  the  conditions  causing  the  atrophy  be  possible, 
then  the  function  of  the  nerve  may  be  restored  ;  but  if  that  be 
impossible,  or  if  the  atrophy  has  persisted  for  a  long  period, 
the  prognosis  is  unfavourable. 

Treatment. — The   treatment  depends  essentially  upon   the 


THE  PERIPHEKAL   NERVEa 


301 


primary  disease,  and  when  this  can  be  removed  recovery  from 
the  atrophy  may  be  expected.  Electricity  ia  the  best  remedy 
in  the  treatment  of  the  atrophy  itself,  and  the  galvanic  current 
is  by  far  the  best  method  of  employing  it  Even  atrophy  of  the 
optic  nerve  appears  to  have  been  much  benefited  by  the  use  of 
the  galvanic  current.  In  the  paralyses  which  accompany  atrophy 
of  a  nerve,  energetic  shampooing  of  the  limbs,  warm  baths,  saline 
baths,  alternate  warm  and  cold  douches,  friction,  either  alone  or 
with  spirituous  and  stimulating  liniments,  may  be  employed. 


(UL)-HYPERTROPHY  AND  NB0PLA8TIC  FORMATIONS  IN  THE 

NERVES. 

§  190.  True  and  False  Neuromata. 

Hypertrophy  of  the  peripheral  nerves  is  so  rare  as  to  be 
regarded  a  mere  curiosity. 

The  hypertrophy,  as  a  rule,  consists  of  an  increase  of  volume 
caused  by  interstitial  growth  of  connective  tissue.  Occa- 
sionally, however,  there  is  true  hyperplasia  of  the  nerve  tissue, 
consisting  of  an  increase  in  the  number  of  nerve  fibres,  division 
or  splitting  of  the  fibres  into  a  large  number  of  daughter  fibres, 
great  thickness  of  the  medullary  sheath,  and  even  of  the  axis- 
cylinder. 

Remarkable  thickening  and  hypertrophy  of  the  nerves  have 
been  observed  in  many  instances  of  elephantiasis,  and  also  in 
other  diseases. 

Neoplastic  Formations. — Growths  in  nerves  may  be  sub- 
divided into  two  classes — true  and  false  neuromata.  True 
neuromata  consist  wholly  or  chiefly  of  true  nerve  substance ; 
while  false  neuromata,  although  seated  on  the  nerves  and 
proceeding  from  them,  are  not  composed  of  nerve  tissue. 

§  191.  Pathological  Anatomy. 
True  Neuroma. — This  growth  consists  chietiy  of  nerve  fibres, 
more  or  less  mixed  with  connective  tissue  which  is  sometimes 
soft,  sometimes  tough,  sometimes  vascular,  and  at  other  times 
almost  destitute  of  vessels.  Various  forms  of  neuromata  have 
been  distinguished,  such  as  fibro-neuroma,  glio-neuroraa,  myxo- 
neuroma,  neuroma  teleangiectodea,  &c.  It  is  doubtful  whether 
ganglion  cells  have  ever  been  found  in  neuromata. 
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Neuromata  occur  almost  exclusively  in  spinal  nerves,  rarely 
in  sympathetic  nerves,  and  still  more  rarely  in  one  of  tbe 
cerebral  nerves.  Their  size  varies  from  that  of  a  millet  seed 
to  that  of  the  fist. 

There  are  two  forms  of  true  neuromata.  In  one  form  meduU 
lated  double  contoured  fibres  are  common,  and  they  give  to  the 
tumour  a  medullary  white  aspect;  hence  it  has  been  called 
Tieuroma  viyelinicum  by  Virchow.  This  form  is  frequently 
met  with  after  amputations.  In  the  other  form,  extremely  fine 
non-medullated  fibres  are  present,  giving  a  grey  colour  to  the 
tumour,  and  which  are  bleuded  so  as  to  form  a  felt-like  mass, 
resembling  fibro-myoma  of  the  uterus.  This  variety  has  been 
called,  by  Virchow,  neuroma  amyelinicuvi.  It  was  formerly 
mistaken  for  fibroma  or  fibro-sarcoma. 

False  Neuroma. — The  main  portion  of  the  tumour  does  not 
consist  of  nerve  tissue,  and  fibres  proceeding  from  the  affected 
nerve  into  the  tumour  do  not  appear  to  be  affected.  Various 
tumours  belong  to  the  category  of  false  neuromata. 

(a)  Fibromata. — These  tumours  are  composed  of  connective 
tissue,  enclosing  a  few  nerve  fibres.  They  appear  in  the  form  of 
dense  small  knots,  and  the  majority  of  tbe  small  tumours  in  the 
nerves  called  tubercula  doLoroaa  consist  of  fibrous  tissue, 
although  these  small  and  very  painful  tubercles  may  belong  to 
any  of  the  varieties  of  tumoura  found  in  nerves. 

(6)  Myxomata. — These  tumours  are  formed  of  mucous  tissue, 
and  they  are  frequently  met  with  in  nerves.  They  consist  of 
soft,  lobulated,  reddish,  transparent,  gelatinous  growths,  and 
the  characteristic  stellate  intercommunicating  cells  are  found 
on  microscopic  examination.  Cystic  formations  are  sometimes 
found  in  the  myxomata,  leading  to  the  formation  of  a  group 
termed  neuromM  cyaticum. 

(c)  Oliomata  have  hitherto  only  been  found  in  the  auditory 
nerve. 

(d)  Sarcomata  of  various  kinds  occur  in  nerves ;  and  tran- 
sitional forms  between  fibroma  and  myxoma  are  not  unfrequently 
observed. 

(«)  CarciTumiata  are  frequently  met  with  and  under  various 
forms.  Scirrhous,  and  medullary  cancer  are  often  observed, 
and  melenoid  cancer  is  also  not  uncommon.     Cancer  is,  as  a 
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rule,  secondary ;  but  occasionally  it  is  primary,  and  it  always 
causes  more  or  less  complete  destruction  and  degeneration  of 
the  nerve  fibres. 

(J)  Syphilitic  Oummata  sometimes  form  in  the  cerebral 
oerres  at  the  base  of  the  cranium,  and  are  generally  propagated 
from  the  membranes  of  the  brain. 

(g)  Lepra  Nervorum  generally  appears  as  a  diffuse,  more 
or  less  fusiform,  swelling  of  the  nerves.  It  consists  of  a 
development  of  granulation  tissue,  which  is  often  indistinguish- 
able from  that  produced  in  inflammation. 

The  size  of  these  tumours  ia  extremely  variable.  Some  are  not  larger 
than  a  mustard  seed,  while  others  grow  to  the  size  of  a  maa'a  bead  ;  but 
the  majority  of  them  range  from  between  the  size  of  a  beau  and  that  of  a 
hea's  egg. 

The  number  of  the  tumours  may  also  be  very  variable.  At  times 
there  is  only  a  solitary  tumour,  while  at  other  times  a  large  number  may 
be  present  either  at  a  circumscribed  spot  or  distributed  over  the  body. 
Wbeo  the  tumours  are  locaUy  numerous  they  may  either  form  a  series  of 
knots  in  the  same  nerve,  or  numerous  knots  in  the  various  branches  of 
on*  trunk  or  pleius.  At  other  times  the  tumours  may  occur  in  large 
numbers,  amounting  sometimes  to  several  thousands,  in  all  parts  of  the 
body,  chiefly  in  the  spinal  and  occasionally  also  in  the  cerebral  nerves. 

The  relations  of  these  various  tumours  to  the  nerves  may  be  very 
diTerse.  At  times  the  new  formation  is  on  one  side  of  the  nerve,  so  that 
the  latter  seems  to  run  over  its  surface  ;  at  other  times  it  occupies  the 
centre  of  the  nerve  ;  while  in  still  other  cases  the  nerve  runs  directly 
iuto  the  tumour,  the  fibres  breaking  up  into  a  kind  of  brush  or  penciL 
Id  true  neuromata  either  the  whole  or  a  poittou  of  the  fibres  of  the 
nerve  participate  in  the  new  formation  ;  false  neuromata  proceed  for  the 
most  part  ^m  the  neurilemma,  and  the  nerve  fibres  may  remain  more  or 
leaa  intact,  or  they  may  be  compressed  and  completely  destroyed. 

§  192.  Etiology. — Some  individuals  appear  to  have  a  certain 
predisposition  towards  the  formation  of  neuromata,  and  phthisical 
and  scrofulous  persons  seem  to  b«  specially  liable  to  their 
formation.  Isolated  neuromata  are  more  common  in  women, 
while  multiple  neuromata  occur  almost  exclusively  in  men. 
They  occur  at  all  ages,  and  are  often  congenital. 

The  best  known  of  the  direct  causes  are  blows,  pressure, 
penetration,  and  retention  of  foreign  bodies,  and  various  other 
injuries.  Neuromata  are  also  frequently  found  in  cicatrices 
when  nerves  are  divided  or  injured,  and  rounded  and  elongated 
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frequently  foand  in  the  cicatrices  of , 


swellings  of  the  nerves 

the  stumps  after  amputation. 

Chronic  neuritis  may  also  be  the  starting  point  of  neuromata; 
and  syphilis,  lepra,  and  elephantiasis  may  lead  to  the  forma- 
tion of  tumours  in  nerves,  but  in  a  large  number  of  cases  no 
definite  cause  can  be  traced. 


able.  H 


§  193.  Symptoms. — The  symptoms  of  neuromata  are  variable. 
Many  tumours  cause  no  symptoms  throughout,  while  othen 
occasion  intense  and  persistent  suSering.  Isolated  neuromata 
generally  give  rise  to  severe  and  incurable  neuralgit^  hence  they 
have  been  called  tubercula  dolorosa.  The  pain  may  be  tearing, 
lancinating,  aching,  boring,  or  burning;  it  is  almost  always 
remittent,  or  completely  intermittent ;  but  when  the  paroxysm 
comes  on,  the  pain  gradually  increases  in  intensity,  and  radiates 
from  certain  points  towards  the  periphery.  The  pain  is  increased 
by  cold  and  damp  weather,  by  pressure,  or  the  slightest  move- 
ment of  the  affected  limb ;  and  in  women,  frequently  by  the 
return  of  the  menses,  or  by  pregnancy.  It  may  often  be  made 
to  disappear  temporarily  by  firm  pressure  on  the  nerve  above 
the  tumour.  The  pain  is  generally  more  severe  in  small 
tumours  seated  on  peripheral  cutaneous  branches  than  in  larger 
tumours  of  deeper  seated  nerve  trunks.  ^ 

In  addition  to  pain,  a  feeling  of  numbness  and  formication,  | 
and  a  sensation  of  heat  and  cold  are  often  felt  in  the  area  of 
the  peripheral  distribution  of  the  affected  nerv& 

Motor  diaturbancea  are  rare,  but  sometimes  occur  in  the 
form  of  tremors,  spasms,  and  contractures,  and  these  may 
ultimately  give  place  to  complete  paralysis.  Anaesthesia  may 
also  be  present  in  various  degrees,  and  not  unfrequently  appears 
in  the  form  of  arueathesia  dolorosa,  especially  in  cancer, 
very  excitable  persons  diffused  pain  may  occur  in  the  head 
spine ;  and  occasionally  epileptoid  or  tetanoid  convulstoua 
occur  during  the  paroxysms  of  paio. 

The  further  course  of  the  disease  varies  in  different  instanced 
The  symptoms  may  become  so  intense  that  the  patient  ex- 
periences the  most  frightful  suffering,  whihtt  the  constant  sleep- 
lessness and  the  secondary  disturbance  may  lead  to  a  high  degree 
of  cachexia,  exhaustion,  and  even  death. 
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At  other  times  the  symptoms  may  remit  and  ultimately  cease, 
and  in  a  few  cases  the  tumour  disappears. 

Id  other  cases  symptoms  of  paralysis  supervene,  and  tumour 
of  the  Cauda  equina  causes  paraplegia  and  various  trophic  dis- 
turbances. 

True  neuromata  may  remain  stationary  for  many  years  with- 
out producing  any  deleterious  effect. 

Multiple  neuromata  present  in  many  cases  scarcely  any 
symptoms,  and  they  are  often  only  discovered  accidentally 
during  life  or  at  the  autopsy.  They  may,  however,  cause  various 
disturbances  by  their  mechanical  action,  and  when  the  sympa- 
thetic nerves  are  implicated  they  may  induce  general  debility 
and  anaemia  and  various  other  anomalous  symptoms. 

Tbe  diagnosis  of  neuromata  is  founded  almost  exclusively  on 
the  presence,  on  certain  nerves,  of  round  or  oval  tumours,  of 
various  sizes,  which  are  movable  from  side  to  side,  but  not  in 
tbe  direction  of  the  length  of  the  nervea 

Prognoeia. — True  neuroma  is  always  a  local  and  benign  affec- 
tion ;  but  it  may  occasionally  return  once  or  several  times  after 
extirpation.  The  prognosis  of  spurious  neuronaata  depends  upon 
the  nature  of  the  tumour,  and  is  the  same  as  when  they 
develop  in  other  tissues. 

Tbe  prognosis  is  bad  when  the  affection  is  accompanied  by 
severe  neuralgic  pains,  and  serious  trophic  and  vaso-motor 
disturbances,  and  when  extirpation  is  impracticable. 

§  194.  Treatment. — The  only  successful  treatment  of  neuro- 
mai*  is  afforded  by  the  extirpation  or  destruction  of  the  tumour. 
Extirpation  succeeds  best  when  the  growth  can  be  removed 
wd  the  nerve  left  intact.  When  extirpation  is  impossible, 
detraction  of  the  tumour  may  be  undertaken  by  caustics  or 
electrolysis,  but  this  method  is  not  very  successful.  When  the 
tumour  cannot  be  removed,  palliative  treatment  by  means  of 
■uutotics  and  other  means  must  be  employed  to  alleviate  the 
•ufFeringa  of  the  patient 
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DISEASES  OF  THE  NERVES  OF  SPECIAL  SENSE. 


(I.)-DISEASES  OF  THE  OLFACTORY  NEEVE. 

The  sense  of  smell  is  excited  by  the  contact  of  odoriferous 
particles  with  the  mucous  membrane  of  the  nose,  or  rather  with 
that  part  of  it  to  which  the  olfactory  nerves  are  distributed. 
Two  delicate,  scroll-like  bones,  called  turbincUed  bones,  are 
attached  to  the  lateral  walls  of  each  nasal  cavity,  and  divide 
the  latter  into  three  chambers,  the  one  being  above  the  other. 
The  uppermost  two  of  these  constitute  the  true  olfactory  cham- 
bers, whilst  the  lowest  passage  is  merely  used  for  respiratory 
purposes.  Peculiar  rod-shaped  cells,  described  by  Max  Schultxe, 
which  are  attached  to  the  ramifications  of  the  olfactory  nerres 
in  the  mucous  membrane  of  the  nose,  appear  to  be  the  peripheral 
end-organs  of  smell. 

When  odoriferous  partiolea  are  present  iu  the  inspired  air  pMsing 
through  the  lower  naaal  chambers,  they  diffuse  into  the  upper  chambers, 
and,  on  coming  in  contact  with  the  olfactory  epithelium,  originate  th« 
impulses  which  cause  the  sensation  of  smelL  The  smell  induced  hj  simpl 
diffusion  of  odoriferous  particles  is,  however,  usually  very  imperfect 
a  more  complete  contact  of  those  particles  with  the  olfactory  uuooM 
membrane  is  obtained  by  the  forcible  nasal  inspiration  called  *>uju»g. 
The  mucous  membraue  of  the  uose  not  only  possesses  specific  olfaototy 
sensation,  but  also  sensations  closely  related  to  those  of  outaDeous  tactile 
sensibility,  and  which  are  caused  by  pungent  gases  and  volatile  sab- 
stances,  such  as  ammonia,  mustard,  and  acetic  acid.  It  ia  very  probabfe 
that  the  sensatioos  of  smell  are  conveyed  by  the  olfactory  nerves,  and  tb* 
pungent  sensations  by  the  brancbea  of  the  fifth  distributed  to  the 
mucoua  membrane. 

§  1 96.  Methods  of  Testing  the  Sense  of  Smell. 
Various  substances  may  be  employed  to  test  the  aeoae  of  smelL 
however,  should  be  taken  not  to  employ  subataooes  baviag  a 
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odour,  in  order  to  avoid  irritatioD  of  the  &ftb  nerve.  The  best  substances 
are  volatile  oils,  as  the  oils  of  bergamont,  lavender,  cajeput,  or  cloves, 
and  the  fetid  gum  resins,  and  other  aubatonces  having  a  penetrating 
odour,  as  camphor,  turpentine,  and  musk. 

It  must  be  remembered  that  our  perception  of  delicate  flavours  is  due, 
not  to  the  sense  of  taste,  but  of  smell ;  hence,  in  testing  the  latter,  it  is 
necewary  to  employ  solids  and  fluids  which  possess  a  delicate  arotna,  or 
bouquet,  such  as  roast  beef,  cheese,  or  wine. 

The  sense  of  smell  responds  only  very  feebly  to  electric  stimuli ;  hence 
the  galvanic  current  cannot  be  employed  as  a  test  for  it 

§  196.  Hyperosmia,  or  Olfactory  Hyi'>ercudhe8ia,  occurs  fre- 
quently in  diseases  of  the  central  nervous  system.  Hysterical 
patients,  and  the  subjects  of  various  mental  diseases,  often 
complain  of  bad  smells  which  are  quite  inappreciable  to  others. 
A.  bad  smell  sometimes  constitutes  the  aura  of  an  epileptic 
attack.  These  abnormal  sensations  depend  on  central  irrita- 
tion, and  may  even  occur  after  the  peripheral  apparatus  of 
smell  is  destroyed,  so  that  odoriferous  particles  no  longer  give 
rise  to  the  sensation. 

Hysterical  patients  are  frequently  characterised  by  an  abnormally 
acute  sense  of  smell,  so  that  they  discriminate  smells  which  are  quite 
inappreciable  to  others,  and  distinguish  various  substauces  and  oven 
persons  by  the  sense  of  smell  alone. 

The  acuteness  of  the  sense  of  smell  may,  like  that  of  the  other 
senses,  be  greatly  increased  by  e<1ucatioti.  A  boy,  James  Mitchell,  who 
waa  bom  blind,  deaf,  and  dumb,  succeasfuUy  employed  the  sense  of  smell 
like  a  domestic  dog  in  distinguishing  persons  and  things  (M.  Koiidrick). 
Certain  substances,  as  strychnine,  either  taken  internally  or  applied 
locally,  have  the  power  of  increasing  for  a,  time  the  sense  of  smell. 

§  197.  Hyperalgesia  of  the  sense  of  smell  is  frequently  ob- 
served in  many  diseases.  In  this  condition  certain  smells  are 
regarded  by  abnormal  feelings  of  like  or  disliic?.  Hysterical 
patients  often  manifest  a  decided  aversion  towards  fragrant 
flowers,  which  are  very  agreeable  to  most  people;  while,  on  the 
other  band,  they  frequently  show  an  equally  unaccountable 
predilection  for  odours,  like  that  of  assafoetida,  which  are 
thoroughly  disagreeable  to  others, 

niusary  Smells  are  often  perceived  by  the  insane,  although 
illusions  of  this  sense  are  less  frequent  than  those  of  the  other 
senacsL     Such  illusions  are  specially  frequent  in  the  early  stage 
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of  general  paralysis  of  the  insane.  Illusions  of  smell  sometimes 
occur  after  the  use  of  large  doses  of  santonine.  HallucinatwM 
of  smell  are  also  met  with  in  the  insane,  these  being  generally 
of  a  repugnant  nature.  Such  patients  often  complain  of  the 
smell  of  a  dead  body,  wbich  may  lead  them  to  think  that 
they  are  surrounded  by  dead  bodies.  These  conditions  are 
probably  caused  by  irritation  of  a  limited  portion  of  the  cortex 
of  the  brain. 


\ 


§  198.  Anosmia,  or  Olfactory  AncosUieaia,  consists  of  dimi- 
nution or  complete  abolition  of  the  sense  of  smell.  When 
both  sides  are  affected,  the  sense  of  taste  is  also  considerably 
impaired.  In  anosmia,  indeed,  the  impairment  of  the  sense  of 
taste  appears  more  marked  to  the  patient  than  in  true  gusta- 
tory anajstbesia,  since  the  enjoyment  derived  from  eating 
depends  so  much  upon  the  perception  of  odorous  subetaoces 
and  flavour?.  Anaesthesia  of  the  sense  of  smell  is  a  more  oom- 
raoD  plienomenon  in  disease  than  hyperoisthesia.  Deficiency 
or  abolition  of  the  sense  of  smell  may  be  caused  by  disease  of 
the  peripheral  end-organs  of  the  olfactory  nerve,  of  the  con- 
duction apparatus  through  the  olfactory  bulbs  and  brain,  or  of 
the  central  end-organ  of  smell  in  the  cortex.  The  blunting  of 
the  sense  of  smell  caused  by  the  use  of  morphia  is  probably  due 
to  the  action  of  the  drug  on  the  central  end-organ ;  and  the 
unilateral  anosmia,  which  occurs  in  hysterical  patients  in  asso- 
ciation with  cutaneous  hemianaesthesia,  is  also  caused  cither  i 
by  an  affection  of  the  central  end-organ  or  of  the  conductioafl 
apparatus  in  the  brain.  Abolition  of  the  sense  of  smell  is  ' 
common  in  general  paralysis  of  the  insane,  and  it  is  also 
blunted  in  old  age  owing  to  senile  atrophy  of  the  olfactory 
nerves  and  of  the  tissues  of  the  brain.  S 

The  sense  of  smell  is  diminished  in  paralysis  of  both  the  trigemiutu 
and  the  facial.  When  the  superior  maxillary  division  of  the  trigemionil, 
which  furnishes  filaments  to  the  nasal  and  palatine  mucous  membraiM^  !■ 
cut  in  animals,  the  mucus  in  the  nostrils  becomes  thick  and  aanguiiieoiw ; 
ulcerative  changes  may  occur  iu  the  membrane,  and  the  atom  uf 
smell  is  soon  lost.  Similar  changes  occur  in  man  in  disease  of  tbow 
nerves,  producing  impairment  of  the  sense  of  smell.  The  fizst  «fiiMt 
of  pnrnlysis  of  the  trigeminus  is  to  render  the  nasal  mucous  mambraiM 
•buorually  dry,  and  this  of  itself  diminishes  the  sense  of  ameU  bj 
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prerenting  odorous  particles  from  coming  in  contact  with  the  iieripheral 
olfactory  end-organs.  In  facial  paralysis,  on  the  other  hand,  the  dilators 
of  the  alsE  nasi  are  paralysed,  so  that  the  act  of  mijtug  becomes  iuiws- 
uble,  and  odoriferous  particles  are  prevented  from  coming  into  forcible 
contact  with  the  mucous  membrane  of  the  olfactory  chambers. 

Anosmia  may,  indeed,  be  produced  by  anything  which  prevents  or 
retards  the  entrance  of  air  into  the  olfactory  chambers  ;  hence  loss  of  smell 
is  caused  by  constriction  of  the  nostrils,  nasal  polypi,  occlusion  of  the  nasal 
and  pharyngeal  cavities.  Closure  of  the  nostrils,  however,  leaves  the 
perception  of  flavours  unimpaired,  since  the  aromatic  particles  will  ascend 
from  the  pharynx  through  the  posterior  nares  to  the  olfactory  chambers. 
Ogle  relates  a  case  in  which  both  the  sensations  of  smell  and  flavour 
were  lost  in  consequence  of  adhesion  of  the  soft  palate  to  the  posterior 
waU  of  the  pharynx,  and  both  sensations  were  restored  when  a  communi- 
cation was  established,  by  means  t)f  an  operation,  between  the  pharynx 
and  olfactory  chambers. 


§  199.  Traumatic  Anosmia. — TLis  form  of  olfactory  anosmia 
18  generally  caused  by  blows  or  falls  on  the  occiput  The  elastic 
bones  of  the  cranium  yield  to  some  extent  to  the  blow;  the 
whole  of  the  encephalon  above  the  tentorum  is  pushed  for- 
wards; the  anterior  margin  of  the  temporo-sphenoidal  lobe 
impinges  against  the  great  wing  of  the  sphenoid  bone ;  the 
olfactory  nerve  is  apt  to  suffer  damage  at  its  point  of  junction 
with  the  brain  near  the  anterior  perforated  space,  or  some 
fibres  of  the  nerve  in  their  passage  through  the  cribriform 
pUite  of  the  ethmoid  bone  may  be  ruptured.  Unilateral 
anosmia,  caused  by  a  blow  on  the  occiput,  is  often  associated 
with  general  hevnianiestkesia  of  the  same  side,  and  then  all  the 
sensory  disturbances  are  more  likely  to  be  caused  by  injury  of 
the  fibres  of  the  posterior  third  of  the  internal  capsu!&  These 
fibres  are  in  the  line  of  direction  of  the  applied  force,  and 
are  very  likely  to  be  injured  by  an  anterior  displacement  of 
the  portion  of  the  encephalon,  which  is  situated  above  the 
tentorium. 

Anosmia  of  the  left  nasal  cavity  is  sometimes  associated  with 
aphasia  and  right  hemiplegia,  caused  by  embolus  of  the  left 
middle  cerebral  artery.     Ogle  asserts  that  in  these  cases  the 

^     external  root  of  the  left  olfactory  tract  is  aifected. 

H         Dr.  Althaus  has  recently  described  a  case  of  anosmia,  which 
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affection  may  also  be  caused  by  tumours  in  the  anterior  foaaa 
of  the  skull,  or  in  one  of  the  anterior  cerebral  lobes,  by  basal 
meningitis,  or  by  exostoses,  or  caries  of  the  bones.  Anosmia  u 
occasionally  congenital,  and  caused  by  absence  of  the  olfactory 
tracts  (Clocquet).  Senile  anosmia  is  caused,  according  to  Provost, 
by  degeneration  and  atrophy  of  the  olfactory  nerves. 

Proynosia. — The  prognosis  depends  upon  the  cause  of  the 
affection.  Those  cases  which  result  from  serious  organic 
disease  are,  of  course,  incurable.  When  the  loss  of  smell  is 
due  to  coryza,  exposure  to  cold  and  traumatism,  the  prognosis 
is  more  favourable. 

Treatment. — The  treatment  of  hypercesthesia  of  the  olfactory 
sense  must  depend  upon  the  cause  of  the  affection,  and  it 
is  improbable  that  direct  treatment  of  the  olfactory  nerve 
would  be  of  any  use.  The  treatment  of  anaesthesia  must  be 
directed  against  the  cause  of  the  affection  ;  though  Duchenne 
obtained  good  results  from  faradisation  of  the  nasal  mucous 
membrane,  especially  in  hysterical  patients.  Beard  and  Rock- 
well also  recommend  faradisation  and  galvanisation,  applied 
partly  outside  the  nose  and  partly  to  the  mucous  membrane, 
by  means  of  an  electrode  made  in  the  form  of  a  sound. 

(II.)-DISEASE3  OF  THE  SENSE  OF  SIGHT. 

§  200.  Structure   of  tJie  Optic  Nerve. — The  optic  nei 
commences  at  the  chiasma  and  passes  into  the  orbit  through 
the  optic  foramen. 

(1)  The  Sheathi  of  the  Optic  Nervt  consist  of  (a)  an  external  ^heatli 
of  dense  fibrous  connective  tissue,  similar  in  structure  to,  and  ooutinuoua 
with  the  dura  mater  of  the  brain,  and  named  tin  dural  sheath  (,Fvg.  26,  t) ; 
(6)  a  middle  sheath,  continuous  with  and  of  the  same  structure  as  th« 
arachnoid — the  arachnoidal  s/italh  {Fig.  26,  r) ;  and  (r)  an  inner  sheath  of 
fibrous  coimective  tissue,  being  a  continuation  of  the  pia  inat«r — the  piaX 
theath  (Fig.  20,  p).  Between  the  dural  and  amchnoidal  sheaths  ia  a 
lymph  space  in  open  communication  with  the  subdural  space  of  the  brain, 
and  called  the  tubdural  apace  of  tlui  optic  ttertv  {Fig.  20,  m).  Between  the 
arachnoidal  and  pial  sheaths  is  smother  lymph  space,  which  communioatae 
with  the  subarachiioidol  space  of  the  brain,  and  is  called  the  8uberach> 
noidal  space  of  the  optic  nerve  {Fij.  26,  n).  The  subdural  and  subarach- 
Doida]  spaces  of  the  optic  can  be  readily  injected  from  the  oortMponditig 
spaces  of  the  brain,  but  do  not  communicate  with  one  another. 
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(2)  Subttanee  of  ihg  Optic  Nerve, — The  optio  nerve  is  composed  of  a 
large  number  of  bundles'of  nerve  fibres  (Fig.  26, 1 1"),  separated  from  one 
another  by  trabecule  of  fibrous  connective  tissue  {Fig.  26,  kk),  contain- 
ing numerous  connective  tissue  cells,  and  directly  continuous  with  the 
pial  sheath  of  the  optic  nerve.  This  framework  contains  blood-vessels,  and 
it  fenaa  a  special  accumulation  around  the  arteria  centralis.  The  bundles 
are  of  variable  size,  and  are  composed  of  meduUated  nerve  fibres  that  do 
not  possess  any  sheath  of  Schwann.  The  medullary  sheath  appears  to 
possess  at  times  more  or  less  regular  varicosities  owing  to  an  accumulation 
of  fluid  between  the  axis-cylinder  and  sheath  (Klein). 

The  nerve  fibres  are  separated  from  one  another  by  a  substance  which 
is  identical  with  the  neuroglia  of  the  spinal  cord,  A  large  lymph  space 
may  be  injected  on  the  inner  surface  of  the  pial  sheath,  which  is  con- 
tinuous with  lymph  spaces  situated  within  the  bundles  of  nerve  fibres 
and  the  trabeculs  of  the  framework,  and  with  minute  lymph  spaces 
separating  the  individual  nerve  fibres.  It  will  thus  be  seen  that  the 
structure  of  the  optic  nerve  is  more  like  that  of  the  white  substance  of 
the  brain  and  spinal  cord  than  that  of  the  peripheral  spinal  nerves. 

Fio.  26. 
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Pio.  20  iVruuii..tiiu.>ir,  X  ii^siuiu^ie  /.  Horizuntat  Section  through  the  Optic  !f{Tve 
at  itt  point  of  insertion  in  the  ylobe,  and  itt  pottage  through  the  membranei  of  the 
ei^.—a.  Internal ;  6,  External  layen  of  the  retina  ;  e.  Choroid ;  d,  Sclerotio  ; 
<,  Physiological  oup ;  /,  Central  artery  of  the  retina ;  g.  Point  of  its  bifurcation ; 
A,  T.itmiti»  cribroes ;  I,  Dural  sheath  ;  m,  Subdural  apace  ;  n.  Subarachnoidal 
space  ;  r.  Arachnoidal  aheatb  ;  p,  Pial  iheatb  ;  i  i,  Bundles  of  nerve  fibres ; 
kk.  Connective  tiaroe  trabeouln. 
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Sclerotic  Foranten  and  Optic  /)mc.— The  fibres  of  the  optic  nerve,  m 
well  as  its  Teasels,  pass  through  an  opening  in  the  posterior  ]>art  of  the 
sclerotic  coat  of  the  eyeball,  called  the  tcUrotic  foramtn.  This  oijening, 
however,  is  by  no  means  as  if  it  were  punched  out,  but  is  divided  into 
numerous  small  openings  by  trabecule)  of  fibrous  connective  tissue  derived 
from  the  sclerotic  coat,  the  whole  constituting  a  sieve-like  layer,  which 
has  been  called  the  lamina  eribrosa. 

Choroidal  Rintj. — The  fibres  of  the  optic  nerve  also  pus  througta  ■ 
round  or  oval  opening  in  the  choroid  coat,  which  is  called  the  choroidal 
ring,  and  the  edge  of  which  forms  the  boundary  of  the  optic  disc. 

§  201.  Ophthalmoscopic  Appearamcea  of  tJie  Healthy  Fundiu 

of  the  Eye. 

(1)  Sclerotic  Ring. — The  choroidal  ring  is  generally  larger  than  the 
corresponding  opening  of  the  sclerotic,  and,  consequently,  a  narrow  rim 
of  sclerotic  commonly  appears  within  the  former,  which  is  called  the 
sclerotic  ring  {Fig.  27,  a). 

(2)  Physiological  Cup. — The  fibres  of  the  optic  nerve,  immediately  after 
passing  through  the  lamina  eribrosa,  radiate  in  all  directions  to  reach  Um 
retina,  and  consequently  they  form  a  central  hollow,  which  baa  b«aa 
called  the  physiological  cup  {Fig.  26,  «). 

(3)  Optic  Papilla. — As  the  fibres  of  the  optic  nerve  curve  over  the  edge 
of  the  sclerotic  they  rise  slightly  above  the  level  of  the  retina,  and  the 


Fia.  27    (FromLandoii' "Phyui'i         .  '  i  ,;er).   PoiiU  n/  Bntranct  rf  tii 

Optic  Kertt  uitk  the  JUtinal  VeueU.—A  A,  Optic  papilU  ;  a,  Sclerotic  nn(  ; 
6,  Choroidal  rini; ;  c,  Arterie*  ;  d,  Veiiu  ;  g.  Point  of  bifurcation  of  the  ccntnti 
artery  of  the  retina ;  A,  Point  of  bifurcation  of  the  central  rein ;  L, 
aibroea;  t,  temporal,  and  n,  noaal  tide. 
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tertniDAtion  of  the  optic  oerve  baa,  from  this  slight  prominence,  been 
called  the  optic  papilla  (Fig.  27,  A  A). 

(4)  The  Rttinal  VeMtli.—The  central  artery  of  the  retina  is.  as  already 
mentioned,  derived  from  the  ophthAlmic  artery,  while  the  retinal  veins 
return  the  blood  chiefly  to  the  caTemoiis  sinus  ;  consequently,  the  intra- 
ocular circulation  has  been  regarded  as  part  of  the  cerebral  circulation. 
The  usual  distribution  of  both  artery  and  vein  is  shown  in  Fiff.  27,  <7  and  h, 
and  it  is  unnecessary  to  enter  into  a  detailed  description  of  them  ; 
although,  it  most  be  remembered  that  the  mode  of  distribution  of  the 
▼mmIb  Taries  considerably  within  physiological  limits  in  different  indi- 
Tidnab.  The  minute  vessels  of  the  optic  disc  are  derived,  partly  from  the 
posterior  ciliary  arteries,  and  partly  from  the  central  retinal  artery,  twigs 
from  both  of  which  conmionly  unite  in  forming  the  "circle  of  Haller,"  a 
of  Teasels  which  surrounds  the  optic  nerve  behind  the  disc. 


}        FUNCTIONAL  AFFECTIONS   OF  THE   SENSE   OF  SIGHT. 

§  202.  Optic  HyperoBsthesia  consists  of  those  conditions  in 
which  external  objects  are  distinctly  seen  in  an  unu.sually  dim 
light,  or  in  which  the  acutenes-s  of  vision  is  very  much  greater 
than  occurs  in  ordinary  sight.      The  case  of  Sterne,  who  saw 
[distinctly  the  satellites  of  Jupiter  with  the  naked  eyes,  is  a 
,  good  example  of  optic  hypera^sthesia.     Pathological  conditions, 
however,  usually  give  rise  to  painful  feelings  or  to  complicated 
psychical  reactions  in  connection  with  sight,  and  these  con- 
ditions may  be  called  optic  hyperalgeaice. 

Other  phenomena  of  vision,  which  may  respectively  be  called  photopna 
md  chromatopsia,  may  be  placed  in  the  category  of  optic  hypencathesia. 
Thwe  phenomena  are  also  observed  on  mechanical  and  electrical  irritation 
o(  the  ofitio  nerves.  Direct  irritation  o(  the  optic  nerves  gives  rise  to 
■pules,  flames,  luminous  balls,  discs,  rings,  and  to  appearances  like 
forlced  lightning,  sometimes  simply  coloured,  at  other  times  containing 
4)1  the  colours  of  the  rainbow.  Dluaions  of  sight  often  occur  in  cerebral 
*%ctioDs  and  in  various  forms  of  insanity,  and  depend  on  central  irrita- 
tion. 


§  203.  Optic  Anasthesia  is  characterised  by  diminution  or 
abolition  of  vision.  The  anaesthesia  may  declare  itself  in  the 
central  part  or  by  concentric  diminution  of  the  field  of  vision, 
or  both  conditions  maybe  combined.  Diminution  of  sight  through 
an  afiection  of  the  nervous  apparatus  is  called  amblyopia, 
while  abolition  of  sight  is  called  amaurons.  These  conditions 
may  be  caused  by  lesions  either  of  the  retina,  disc,  optic  nerves 
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and  tracts,  conduction  apparatus  through  the  corpora  quadri- 
gemiaa  and  corona  radiata,  or  optic  centres  in  the  cortex. 


The  forms  of  amblyopia  and  amaurosis,  which  occur  in  the 
of  any  apparent  lesiou  of  the  fundus  of  the  eye  on  ophthalmoacopie 
examination,  are  those  which  interest  us  at  present.  The  transitory  or 
sometimes  permanent  amaurosis,  which  comes  on  after  exiiosure  to 
cold,  venereal  excess,  suppression  of  profuse  secretions,  belong  to  this 
category  ;  as  well  as  the  amblyopia  which  occurs  after  injury  or  other 
cause  of  irritation  of  the  sensory  branches  of  the  trigeminus,  and  whioh 
may  be  cured  by  the  removal  of  carious  teeth,  extirpation  of  tumours,  er 
the  removal  of  some  other  source  of  irritation.  Amblyopia  is  also 
sometimes  caused  by  irritation  of  remote  organs,  as  of  the  abdominal 
organs,  by  worms,  constipation,  gastric  affections,  or  of  the  uterus  by 
pregnancy,  tumours  and  other  affections.  The  affection  of  sight  in  oU 
these  cases  probably  depends  upon  disturbances  of  the  circulation  eaoatd 
by  direct  or  reflex  irritation  of  the  vaso-motor  nerves.  An  epileptic 
attack  may  be  succeeded  by  a  temporary  enfeeblement  of  sight,  which 
usually  rapidly  disappears,  but  may  become  more  or  less  permanent 
when  the  attacks  are  frequently  repeated,  Unilateral  blindness  oocor- 
ring  in  paroxysms,  and  generally  lasting  only  a  few  minutes,  is  sometimes 
observed  in  the  midst  of  perfect  health,  and  may  possibly  be  regarded  as 
a  vaso-motor  epilepsy.  I  myself  suffered  for  upwards  of  ten  years  from 
this  affection.  The  blindness  was  preceded  for  a  few  seconds  by  a  feeling 
of  tension  and  fulness  of  the  right  eye,  then  the  central  portion  of  the 
visual  field  became  suddenly  clouded,  but  the  darkness  spread  with  such 
rapidity  that  the  right  eye  appeared  to  have  become  almost  instan- 
taneously blind.  This  affection  lasted  from  one  to  three  minutes.  The 
attack  was  accompanied  at  times  by  momentary  and  very  slight  confusion, 
but  I  never  observed  that  it  was  followed  by  any  symptom  whatever.  I 
could  sometimes  determine  an  attack  by  pressing  on  the  globe  of  the  eya, 
and  I  discovered  accidentally  that  I  could  bring  back  the  sight  very  aooo 
by  bending  the  head  between  my  legs,  so  that  the  capillaries  of  the  hot 
got  flushed  ;  and  for  many  years  I  took  a  considerable  interest  in  experi- 
menting upon  what  I  regarded  as  an  interesting  but  innocent  affection.  I 
always  attributed  the  attack  to  excessive  smoking  ;  and  becoming  afraid 
ten  years  ago  that  the  sight  of  the  right  eye  was  gradually  getting  weaker,  I 
gave  up  smoking,  and  from  that  time  till  now  I  have  not  had  an  attack.  l«st 
year  I  recommenced  smoking  in  moderation,  but  have  had  no  return  ot 
the  paroxysmal  unilateral  blindness,  although  I  have  recently  had  two  or 
three  attacks  of  what  will  be  immediately  described  as  scintillating 
sootoma.  The  amaurosis,  which  results  from  exhaustion,  debility, 
hiematemesis,  profuse  menorrhagia,  or  other  severe  loss  of  blood,  is  possibly 
caused  by  anEemia  and  subsequent  serous  effusion  into  the  ventricles  of 
the  brain.  The  blindness  in  these  oases  is  sometimes  temporary,  and  dis- 
appears imder  tonic  and  stimulating  treatment,  at  other  times  it  is  repeated 
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After  every  return  of  the  bleeding,  whUe  again  it  may  be  permaneiit,  so 
that  the  prognosia  ia  doubtful.  The  ophthalmoscopic  appearances  are 
generally  negative,  or  at  most  only  show  signs  of  diminished  supply  of 
arterial  blood,  with  or  without  congestion  of  the  veins.  In  some  few  cases, 
espeoially  in  the  hsmorrbagic  or  scorbutic  diathesis,  small  hromorrhages 
may  be  observed  in  the  neighbourhood  of  the  macula  lutea,  which  may 
be  accompanied  by  sudden  blindness.  In  other  cases  serous  transudation 
and  cloudiness  of  the  discs  are  observed,  followed  by  secondary  atrophy 
of  the  optic  nerves. 

The  amblyopia  and  amaurosis  which  follow  acute  diseases,  and  various 
toxic  agents,  are  of  obscure  origin.  The  most  common  toxic  ageuta  which 
cause  amblyopia  are  lead,  alcohol,  tobacco,  opium, belladonua,  quinine,  and 
santonine.  Some  of  these  agents,  such  as  lead,  cause  the  afi'ections  of 
sight  by  inducing  changes  in  the  tissues  of  the  brain  and  other  parts  of 
the  nervous  system,  or  of  the  vascular  system. 

Of  the  acute  diseases  typhus  fever  may  be  followed  by  amblyopia  or 
amaurosis.  The  affection  of  sight  comes  on  suddenly  during  conva- 
lescence, in  the  form  of  excentric  sharply  defined  defect  of  the  field  of 
vision,  sometimes  in  the  form  of  central  scotoma,  or  even  as  total  amaurosis. 
The  ophthalmoscopic  appearances  are  negative,  and  it  is  probable  that  the 
affection  is  due  to  a  cerebral  lesion.  Amaurosis  is  occasionally  one  of  the 
sequelcD  of  scarlet  fever,  and  appears  to  be  caused  by  hydrocephalus  interns 
or  oedema  of  the  base  of  the  brain.  Similar  affections  of  vision  may  also 
result  from  measles,  erysipelas  of  the  head,  pneumonia,  and  other  acute 
diaeuea. 

§204.  Symptoms. — The  symptoms  of  functional  amblyopiaand 
amaurosis  are  the  same  aa  those  which  are  observed  in  organic 
diaeasea  of  the  optic  nerve,  except  that  no  ophthalmoscopic 
changes  are  observable  in  the  former.  Vision  presents  three 
distinct  alterations  in  amblyopia: — 1,  Diminution  in  the  acute- 
ness  of  vision ;  2,  Alterations  in  the  field  of  vision ;  3,  Changes 
in  the  perception  of  colours. 

(1)  Diminution  in  the  AciUenesa  of  Vision. — The  patient 
sees  objects  through  a  mist ;  he  has  a  difficulty  in  distinguishing 
minute  objects,  or  at  times  may  observe  a  dark  spot  in  the 
centre  of  vision. 

Tut*  of  the  Acvttneu  of  Vinon. — The  acuteness  of  vision  is  usually  tested 
by  asking  the  patient  to  read  print  of  a  certain  size  of  type,  and  at  definite 
distances.  The  scales  of  test  print  which  are  usually  used  in  England 
are  those  of  Snellen,  Jaeger,  and  Walton.  In  Snellen's  scale  the  sire  of 
type  is  numbered  according  to  the  distance  in  feet,  at  which  the  print  can 
be  read  by  the  normal  eye.  No.  3  of  the  scale  can,  for  instance,  be  read 
by  a  normal  eye  in  a  moderate  light  at  a  distance  of  three  feet.     The 
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acutenesa  of  vision  is  expressed  by  a  fraction,  of  which  the  denominator  i* 
the  number  of  the  test  type,  and  the  numerator  the  distance  in  feet,  at 
which  it  can  be  read.  Other  simple  devices  must  be  adopted  when  a  peraoo 
cannot  read.    The  sight  of  each  eye  must  always  be  tested  8eparat«I]r. 

(2)  Alterations  in  the  Field  of  Vision. — Restriction  of  the 
field  of  vision  usually  accompanies  considerable  change  in  the 
acuteness  of  vision.  The  field  of  vision  may  bo  altered  in 
several  ways,  but  the  form  usually  observed  in  functional 
amblyopia  begins  at  the  margin  of  the  Held,  and  prc^graues 
concentrically  until  only  a  small  central  area  is  left. 

Scotoma. — The  first  loss  of  vision  may  appear  in  the  centre 
of  the  field,  constituting  a  central  scotoma.  This  dark  spot  ia 
usually  at  the  point  of  fixation  ;  it  is  small  at  first,  but  gradoaUy 
extends,  and  assumes  a  round,  oval,  or  irregular  form.  At 
times,  the  whole  of  the  field  of  vision  is  covered  with  scotomata, 
which  appear  like  small  points  when  the  patient  looks  at  a 
near  object,  but  become  larger  when  he  looks  at  a  distant 
object  Concentric  narrowing  of  the  field  is  often  present. 
This  form  is  observed  in  amblyopia,  caused  by  the  abuse  of 
tobacco  and  alcohol. 

Scintillating  Scotoma. — This  form  of  disordered  vision 
appears  at  the  onset  to  consist  of  a  scotoma,  generally  aSect-  A 
ing  both  eyes,  though  not  to  the  same  extent.  The  loss  of 
sight  is  limited  at  first  to  a  small  portion  of  the  visual  field, 
which  may  be  centric  or  eccentric;  but  it  soon  spreads,  and 
as  a  rule  one  lateral  half  of  the  field  of  vision  is  affected. 
At  other  times  the  affection  of  vision  is  central,  and  images  of 
surrounding  objects  to  which  the  axes  of  vision  are  not  directed 
may  be  visible  as  usual.  The  blindness  is  accompanied  bj 
spectral  appearances,  which  as  a  rule  become  gradually  de- 
veloped as  the  black  spot  extends.  In  their  simplest  form  they 
consist  of  a  luminous  border  surrounding  more  or  less  completely 
the  blind  area,  and  widening  as  the  latter  expands  (Liveing). 
This  luminous  circle  or  arc  is  subject  to  a  rapid  oscillatory 
movement,  which  has  been  variously  described  by  different 
observers.  In  the  more  pronounced  forms  of  the  affection  the 
luminous  border  assumes  a  zigzag  outline,  which  has  been 
compared  to  the  angles  of  a  fortification.  It  is  also  fringed  by 
gorgeous  colours,  which  are  in  continual  trembling  movement. 
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or  appear  to  "  coruscate  "  or  to  emit  a  "shower  of  sparks."  The 
phenomenon  generally  lasts  from  a  quarter  to  half  an  hour, 
and  then  gradually  passes  off.  The  few  times  that  I  have  ex- 
perienced this  phenomenon  I  could  only  compare  the  luminous 
arc  to  a  horse  shoe  rainbow  with  its  convexity  directed  upwards, 
and  without  either  zigzag  outline  or  oscillatory  movement. 
I  could  always  see  objects  clearly  in  the  lower  half  of  the 
field  of  vision,  and  the  partial  blindness  passed  off  in  less 
than  five  minutes,  without  being  followed  by  any  other 
symptom. 

The  attack  is,  however,  often  accompanied  by  transitory 
impairment  of  cutaneous  sensibility,  along  with  tingling, 
numbness,  or  formication,  deafness,  loss  of  taste,  embarrassment 
of  speech  (aphasia),  momentary  incoherence,  transitory  paresis 
of  one  of  the  limbs,  vertigo,  nausea,  and  it  is  usually  followed 
by  an  attack  of  migraine. 

Ophthalmoscopic  examination  of  the  eye  during  the  attack 
has  not  revealed  any  abnormal  appearances  of  the  fundus 
(Liveing). 

The  similarity  of  scintillating  scotoma  to  a  visual  epileptic 
aura,  and  of  some  of  the  symptoms  with  which  it  is  associated, 
such  as  the  transitory  aphasia,  to  a  slight  epileptic  attack,  tend 
to  show  that  the  optic  phenomena  are  caused  by  a  discharging 
lesion  of  the  cortex  of  the  brain. 

Tett  of  the  Field  of  VUion. — The  most  reivdy  test  of  the  field  of 
vision  in  to  direct  the  patient  to  fix  oue  eye,  the  other  being  closed,  ou  tbe 
oorresponding  eye  of  the  operator,  and  the  latter  then  moves  bia  band  to  tbe 
right,  left,  above  and  below,  and  at  a  certain  di&tauce  from  the  fixed  point 
as  a  centre.  If  the  field  of  vision  be  limited  in  any  particular  direction^ 
tbe  observer  will  have  to  approach  his  band  nearer  acid  nearer  t»  tbe  point 
on  which  the  patient's  eye  is  fixed  before  it  cornea  into  tbe  field  of  vision, 
and  thus  any  serious  departure  from  the  normal  Umit  can  be  readily 
detected.  If  greater  accuracy  be  required,  the  field  of  vision  must  be 
measured  by  means  of  the  '"mapping  system,"  or  by  the  perimeter,  for 
a  description  of  whicb  the  reader  ia  referred  to  ophthalmological  works. 

(3)    Changes  in  the  Perception    of   Colours. — Particular 

attention  has  been  drawn  by  Galezowski  and  others  to  the  fact 

that  there  may  be  a  defect  in  colour  vision  even  when  the 

juteness  of  vision  is  very   little    impaired.     On   the  other 
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hand,  colour  vision  may  be  little  aflFected  when  there  is  con- 
siderable limitation  of  the  field  of  vision.  The  area  of  the 
field  of  vision  varies  for  each  colour.  If  coloured  objects  are 
moved  from  the  centre  to  the  periphery  the  first  simple  colour 
to  be  un  perceived  is  green,  the  next  red,  while  yellow  and 
blue  are  lost  near  the  edge  of  the  field.  If  the  distance  at 
which  each  colour  ceases  to  be  distinguished  is  marked  upon 
a  chart,  a  series  of  concentric  lines  is  obtained  aa  shown  ia) 
{Fig.  28). 

In   amblyopia  the  order   in   which   the   perception  of  the! 
colours  is  lost  is  usually  that  in  which  the  fields  are  arranged 
on  the  retina,  the  first  defect  being  for  green,  then  red,  while 
blue  and  yellow  are  subsequently  lost. 

Tetti  of  Colour  Vision. — (1)  It  must  be  ascertained  whether  the  poUeot ' 
can  identify  and  name  certain  colours.  For  this  purpose  Qalezowildlt 
scale  of  colours  may  be  employed.  Eleren  colours — red,  red-orange, 
orange,  orange-yellow,  yellow,  yellow-green,  green,  green-blue,  blue,  blue- 
violet,  and  violet — are  arranged  in  this  scale  in  the  order  in  which  they 
occur  in  the  spectrum. 

(2)  According  to  the  second  method,  which  was  originally  introduced  by 
Sir  J.  Herscbell  iit  the  case  of  Daltou,  the  patient  ia  asked  to  match  a 
given  colour  from  a  number  of  others  presented  to  lum.  Skeioa  of 
coloured  wool  are  useful  for  this  purpose. 

Fig.  28. 


FlO.  28  (after  Gowera).  Dioffram  $homii>>  the  Fiddi  of  Colour  Vision  i*  a  uermal 
emmetropir  eyt  on  a  dull  day.— The  fieldii  are  pacb  »tbrr  •ma.ller  than  on  a 
bright  day.  The  utcriak  indicatca  the  fixing  point,  the  black  dot  the  poiitioB 
of  (be  bllad  apot.     (Unialljr  the  blue  field  ia  larger  thao  tbe  yellow.) 
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§  205.  Partial  Optic  Anceetheaia. — There  are  several  varieties 
of  partial  optic  ansesthesia  in  which  the  ophthalmoscopic 
appearances  may  be  negative.  Sometimes  the  patient  cannot 
see  at  night,  a  condition  which  is  called  hemeralopia;  at  other 
times  sight  is  defective  in  daylight,  and  this  condition  is  called 
nyctalopia. 

Colour  Blindnesa. — The  most  usual  condition,  however,  is 
the  one  in  which  the  patient  suffers  from  colour  blindness,  and 
which,  when  it  reaches  a  high  degree,  has  been  called  Daltonism, 
after  the  famous  chemist,  who  suffered  from  the  affection. 
Those  who  suffer  from  colour  blindness  cannot  see  the  red  end 
of  the  spectrum  ;  and  the  state  of  their  vision  is  best  explained 
by  supposing,  as  originally  pointed  out  by  Sir  J.  Herschell  in 
the  case  of  Dalton,  that  their  vision  is  Dichroviic,  and  that  the 
primary  sensation  of  red  is  altogether  wanting.  The  colour- 
blind, therefore,  cannot  distinguish  a  ripe  cherry  from  the 
leaves  by  which  it  is  surrounded  except  by  its  form. 

DISEASES  OF  THE  OPTIC  COMMISSURE  AND  TRACTS. 

The  crossing  of  the  fibres  of  the  optic  tracts  has  already 
been  described.  The  subjoined  diagram,  borrowed  from  Charcot, 
explains  readily  the  symptoms  caused  by  lesions  of  these  parts. 

The  lesions  which  usually  affect  the  optic  tracts  and  com- 
missure are  circumscribed  affections  of  the  bones  and  membranes 
of  the  brain  or  injuries  of  the  base  of  the  skull. 


§  206.  Symptoma. — Tlie  characteristic  feature  of  an  affection 
of  the  optic  tract  is  an  enfeeblement  or  aljolition  of  sight 
of  one  lateral  half  of  the  retinae.  The  blind  half  of  the 
retina  is  separated  from  the  sensitive  half  by  a  vertical  line, 
the  limit  between  the  two  portions  being  sharply  defined. 
When  this  condition  is  described  with  reference  to  the  field  of 
vision  it  is  called  heniianopaia,  and  to  the  retina  heniiopia. 
Temporal  hemianopsia,  the  condition  in  which  one-half  of  the 
field  of  vision  on  the  external,  or  temporal  side  of  the  eye,  is 
diminished  or  lost,  corresponds  to  nasal  hemiopia,  the  condition 
in  which  the  inner  or  nasal  half  of  the  retina  is  anaesthetic. 


L. 
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Equilateral,  or  Homonymous  Hemianopsia. — When  ibe 
left  optic  tract  is  compressed  by  a  tumour  {Fig.  29,  K),  the  two 
left  halves  of  the  retinae — the  outer  of  one  and  inner  half  of 
the  other — are  cut  off  from  the  cortex,  a  condition  which  cauaes 
loss  of  the  right  halves  of  the  fields  of  vision,  coDstituting 
right  lateral  hemianopsia.  The  affected  portions  of  the  retinae^ 
are  those  which  are  associated  in  their  functions,  and  the  condi*! 
tion  is  called  equilateiul  or  homonymous  fieviianopsia. 

Crossed  Hemianopsia. — In  crossed  hemianopsia  the  inner  orl 
outer  halves  of  both  retinx  are  anaesthetic.  When  the  lesion  ' 
is  situated  over  the  centre  of  the  commissure  {Fig.  20,  T),  the 
inner  halves  of  both  retinae  are  affected.  With  reference  to 
the  fields  of  vision,  this  condition  is  called  double  temporal 
hemianopsia.  In  these  cases  there  is  a  superposition  of  the 
images  formed  on  the  outer  halves  of  the  retinae,  coDsequeotly 
the  patients  are  often  able  to  read  the  smallest  print,  but 
experience  considerable  difficulty  in  walking. 

Dovhle  Nasal  Hemianopsia  is  rare,  and  results  from  a 
double  lesion  {Fig.  29,  H,  N),    In  this  condition  the  functional 

Fig.  29. 


Fio.  29  (after  Charcot!.  Diagram  of  Dtcuitatien  of  t^t  Optie  TVnrtt— T,  S^nl- 
decuaution  in  the  cbiaama ;  T(J,  Decuawtion  of  fibrei  po«t«rior  to  the  external 
Ki^niculate  bodiea  (CG) ;  a'  6,  Fibres  which  do  not  deciwate  in  the  chiaaou ; 
b'  a,  Kibrrc  coining  from  the  right  eye,  and  coining  together  in  the  left  hemi- 
aphere  (LUG)  -,  K,  Leaion  of  the  left  optic  tract  prodacing  right  Ut«ral  benua- 
Bopaia;  A,  leaion  in  the  left  bemiHpbere  (LUG),  prodaoea  crii»ei  amblfopi* 
(right  eye).  T,  Lraion  producing  temporal  hemianoiitia;  N  N,  I/Mum  prodM^ 
naaal  bemianopaiak 
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disturbances  projluced  are  great,  and  the  patient  can  neither 
work  nor  guide  himself.  It  is  probable  that  no  true  hemiopia 
is  ever  caused  by  any  intracranial  disease  which  does  not 
injure  the  commissure,  or  one  of  the  optic  tracts,  either  in  its 
course  as  it  winds  round  the  cerebral  peduncle,  or  at  its  origin 
in  the  external  geniculate  body.  Conditions  of  vision,  however, 
which  closely  simulate  hemiopia,  have  been  observed  in 
diseases  of  the  cerebral  hemispheres,  but  in  these  cases  the  line 
which  divides  the  blind  from  the  sensitive  portions  of  the 
retinae  is  never  so  sharply  defined  as  in  true  hemiopia. 

In  a  case  under  my  care,  and  subsequently  reported  in  "  Brain,"  there 
was  almost  total  blindness  of  the  left,  and  a  condition  closely  simulating 
nasal  hemianopsia  of  the  right  eye.  The  limit  between  the  blind  and 
sensitive  portions  of  the  right  retina  was  not,  however,  by  any  means 
sharply  defined.  There  was  a  mmlerate  degree  of  optic  neuritis,  and  this 
symptom,  along  with  the  others  present,  led  me  to  diagnose  a  tumour  of 
the  inferior  part  of  the  middle  lobe  of  the  cerebellum.  It  occurred  to 
me  that  if  this  tumour  pressed  forwards  on  the  corpora  quadrigemina 
from  left  to  right,  it  would  explain  the  state  of  vision.  A  reference  to 
Fig.  29  will  at  once  show  the  grounds  of  this  conjecture.  A  tumour 
growing  in  the  manner  described  would  at  first  press  on  the  fibres  a,  and 
a',  and  then  on  b,  leaving  b'  unaflfected  to  the  last.  At  the  autopsy,  six 
niODths  subsequently,  a  glioma  was  found  in  the  inferior  part  of  the 
middle  lobe  uf  the  cerebellum,  but,  instead  of  pressing  forwards  on  the 
corpora  quadrigemina,  it  grew  along  the  right  su(>erior  jieduncle  of 
the  oereliellum,  and  appeared  to  have  gradually  invaded  the  corpora 
qaadrigemina  from  right  to  left.  Another  interesting  case  in  this  connec- 
tion was  shown  at  one  of  the  meetings  of  the  Manchester  Medical  Society, 
by  Dr,  Drescbfeld.  The  state  of  vision  simulated  double  nasal  hemia- 
nopsia, but  in  this  case  also  the  limits  between  the  blind  and  sensitive 
portions  of  the  retinm  were  not  sharply  defined.  This  condition,  along 
with  the  othtr  symptoms,  led  Dr.  Dreschfeld  to  diagnose  a  tumour  of  the 
inferior  part  of  the  middle  lobe  of  the  cerebellum,  pressing  forwards 
on  the  corjwra  quadrigemina  exactly  in  the  middle  line,  and  thus  inter- 
fering with  the  fibres  a'  and  b  in  Fig.  29,  and  so  causing  the  condition  of 
vLsiou  present.    The  diagnosis  has  not  yet  been  confirmed  by  an  autopsy. 

These  cases,  so  far  as  they  go,  tend  to  confirm  Charcot's  supposition 
that  there  Is  a  supplementary  crossing  of  the  fibres  of  the  optic  tract  in  the 
corpora  quadrigemina  (see  Fig.  29,  TQ).  If  this  supposition  be  correct,  the 
cortex  of  one  hemisphere  is  connected  with  all  the  fibres  passing  from  the 
optic  nerve  —not  of  the  optic  tract — of  the  opposite  side  ;  and  destruction 
of  the  cortical  centre  of  vision  will  produce,  not  hemiopia,  but  amblyopia  of 
the  opposite  eye,  or  croued  amblyopia.  Inasmuch  as  the  organs  of  vision 
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are  bilaterally  associated  in  their  actions,  amaurosis  of  one  eye  is  not  pr»> 
duced  by  icjiiry  to  the  opposite  hemisphere,  althou^  destruction  of  th* 
centres  of  vibion  in  both  hemispheres  is  followed  by  ]>ermaDent  blindueaiof 
)>oth  eyes  (Ferrier).  Charcot  has  shown  that  in  hysterical  hemianosthecia 
the  condition  of  vision  of  the  eye  on  the  affected  side  is  one  of  umWycpM 
and  not  of  hemiopia  ;  and  a  considerable  number  of  recorded  casea  migkt 
be  adduced  to  show  that  a  similar  condition  is  observed  in  hemianmsthwia 
from  disease  of  the  posterior  port  of  the  internal  capsule,  provided  Um 
external  geniculate  body  or  the  optic  tract  of  that  side  be  not  implical 
Munk,  on  the  other  hand,  produced  hemiopia  in  the  monkey  by  remorinf ' 
a  portion  of  the  cortex  of  the  occipital  lobe  ;  and  recently-recorded 
appear  to  show  that  a  similar  condition  may  be  produced  in  man  «•  tiw 
result  of  disease  of  the  occipital  lobe,  in  the  entire  absence  of  diseaas  of 
the  optic  tracts  or  external  geniculate  bodies.  These  cue*  have  been 
collected  and  analysed  by  Notbnagel  and  by  Bellouard,  and  both  aathon 
conclude  that  typical  lateral  hemianopsia  may  be  caused  by  a  le^on  of  tl 
posterior  extremity  of  the  cerebral  hemiHphere.  This  subject  is  at 
in  an  unsettled  state,  and  doubtless  further  investigation  will  soon 
undertaken  to  set  the  question  at  rest 

The  prognosis  of  permanent  hemiopia  is  always  grave,  aod 
the  treatment  must  depend  upon  the  cause  of  the  affection.  1 
Hemiopia  is,  iadeed,  not  a  disease  of  itself,  but  a  valuable  i 
of  other  diseases. 


DISEASES  OF  THE  OPTIC  NEBVKS. 

The  length  of  the  optic  nerves  renders  them  peculiarly  liable 
to  suffer  from  secondary  affections ;  and  consequently  diaesMS 
of  these  nerves  are  not  only  important  on  acconnt  of  the 
functional  disturbauces  produced,  but  on  account  of  their  diag- 
nostic significance  in  cerebral  and  spinal  affections. 


Diaeaees  of  the  Optic  Nerves  (Optic  NeuriiU  and  Atrophy) 

§  207.  Etiology. — Optic  neuritis  may  be  caused  by  variou 
intracranial  diseases,  and  of  these  tumour  of  the  brain  is  probabl] 
the  most  important. 

Hydrocephalus,  whether  it  be  primary,  or  secondary  to 
pressure  on  the  veins  of  Galen  or  the  lateral  sinuses,  also  gives 
rise  to  optic  neuritis,  Abscess  rarely  occasions  optic  neuritis, 
and  it  is  a  still  rarer  symptom  of  circumscribed  hemorrhage  and 
softening  of  the  brain. 
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Basal  meniogitis,  as  well  as  meningeal  haemorrhages  and 
thrombosis  of  the  cavernous  sinus,  may  give  rise  to  inflamma- 
tion of  the  optic  nerves.  The  reason  why  basal  meningitis 
occasions  optic  neuritis  is  manifest  when  the  anatomical  relation 
of  the  affected  membranes  to  the  optic  tracts,  commissure,  and 
nerves  is  considered. 

A  second  group  of  inflammatory  states  of  the  optic  nerves  is 
determined  by  extracranial  causes.  Amongst  such  causes  must 
be  mentioned  orbital  tumours,  inflammatory  processes  in  the 
orbit,  as  periostitis  and  cellulitis,  abscesses,  caries,  h.-cmorrhage, 
congenital  deformities,  and  hyperostosis  producing  narrowing 
of  the  optic  foraminse. 

A  third  group  of  cases  is  caused  by  morbid  conditions  of  the 
blood  and  consequent  abnormalities  of  nutrition.  The  affec- 
tions which  cause  optic  neuritis  are  severe  acute  diseases,  such 
as  typhus,  measles,  pneumonia,  puerperal  fever,  and  scarlet 
fever.  It  sometimes  occurs  after  exposure  to  severe  cold  or  to 
a  very  bright  light,  and  is  occasionally  produced  by  the  sudden 
Boppression  of  the  menses  or  other  accustomed  (Jischarge ;  or 
results  from  chronic  blood  poisoning  by  lead,  alcohol,  syphilis, 
diabetes  mellitus,  and,  above  all,  from  chronic  Bright's  disease. 

Varieties  of  Optic  Neuritis  and  Atrophy. 

Professor  Von  Graefe  subdivided  optic  neuritis  into  two 
varieties.  The  first  is  subsequent  to  inflammatory  changes  in 
the  optic  tracts  or  nerves  within  the  cranium,  which  is  propa- 
gated towards  the  retina ;  hence  Le  called  it  neuritis  descendens, 
or  neuro-retinitis.  In  the  second  variety  the  inflammatory 
changes  are  limited  to  the  intraocular  termination  of  the  nerve, 
and  do  not  extend  beyond.  The  optic  nerve  is  also  subject 
to  various  forms  of  atrophy,  which  may  either  be  primary 
or  secondary  to  other  affections. 

The  diseases  of  the  optic  nerve  may  be  divided  into  : — 
A   Congestive  and  Inflammatory  Affections, 

1.  Simple  congestion  of  the  disc. 

2.  Congestion  with  swelling  of  tlie  disc  (optic  neuritis). 
B.  Atrophic  Affections. 

1.  Simple  or  primary  atrophy. 

2.  Secondary  atrophy. 
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(A)  INFLAMMATOKY  AFFECTIONS  OF  THE  OPTIC  NER>'K. 

(1)  Simple  Comjeation. — The  most  prominent  symptom  of 
simple  coDgestion  ia  increased  redness  of  the  disc.  The  increaM 
in  the  intensity  of  the  red  colour  of  the  di^  u  more  readily 
recognised  when  it  is  greater  in  one  eye  than  in  the  other,  or 
greater  than  it  was  at  a  previous  examination.  The  redness 
invades  the  physiological  cup,  and  may  entirely  obscure  it,  the 
sclerotic  ring  and  edge  of  the  choroid  are  rendered  indistinct, 
and  the  disc  loses  the  sharpness  of  its  outline.  This  is  a  chronic 
condition,  and  Dr.  Gowers  thinks  that  it  corresponds  to  that 
described  by  Dr.  Clifford  Allbutt  under  the  name  of  "  chronio 
neuritis." 

(2)  Optic  Neuritis. — In  this  condition  oedema  ia  associated 
with  the  congestion.  The  normal  rosy  tint  of  the  disc  is 
increased,  its  edge  is  blurred,  and  there  is  a  pale  reflection 
from  the  adjacent  retina,  which  surrounds  the  disc  with  an 
indistinct  halo  (Gowers).  The  central  cup  is  obscured,  there  is 
often  distinct  swelling  of  the  disc,  and  it  may  present  a  striated 
appearance  at  its  periphery,  and  the  edge  of  the  choroid  is 
concealed.  In  the  early  stage  of  the  affection  the  disc  is  red, 
swollen,  and  cloudy ;  its  edge  is  veiled  so  that  it  cannot  be 
seen  by  direct  examination,  and  as  the  process  increases  the 
edge  of  the  disc  cannot  be  seen  even  on  indirect  examination. 
The  disc  is  swollen  and  enlarged,  its  border  is  badly  defined, 
and  hazy,  and  in  advanced  cases  its  position  can  only  be  ascer 
tained  by  the  point  of  emergence  of  the  vessels.  The  d 
assumes  a  reddish  grey  colour  and  its  periphery  becomes 
distinctly  striated,  owing  partly  to  the  swelling  and  opacity  of  the 
nerve  fibres,  and  partly  to  an  enormous  development  of  minute 
vessels.  The  veins  are  engorged,  tortuous,  and  often  varicoae, 
while  the  arteries  are  more  or  less  reduced  in  size,  and  appear 
paler  than  the  veins.  When  exudation  takes  place,  the  vesseU 
become  veiled  and  lost  to  sight  at  the  border  of  the  disc,  bu 
reappear  partially  as  they  proceed  inwards,  and  again  disappear 
before  reaching  the  lamina  cribrosa.  Ucemorrhages  not  oo^^ 
frequently  occur  at  this  stage,  either  over  the  swollen  disc  or{ 
beyond  its  margin. 

The  inflammatory  process  may  now  subside;   the  swelling 
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gradually  diminishes,  the  edge  of  the  choroid  becomes  apparent, 
but  some  signs  of  the  previous  inflammation  generally  remain, 
such  as  a  narronr  zone  of  atrophy  adjacent  to  the  disc  and  along 
the  edge  of  the  choroid. 

Engorged  or  Choked  Disc.  —  If  the  inflammatory  process 
proceed  further,  the  tumour  formed  by  the  swollen  papilla 
becomes  much  more  prominent,  and  extends  laterally  in  all 
directions;  the  margins  of  the  swelling  become  steeper;  and 
conse<iuently,  as  the  vessels  pass  over  the  side,  they  become 
concealed  by  the  edge  of  the  swelling,  and  reappear  in  a 
different  position  in  the  fundus  (Plate  I.).  The  arteries  are 
much  narrowed,  and  often  invisible  on  the  swelling ;  but  the 
veins  are  usually  visible  towards  the  edge  of  the  tumour,  and 
often  appear  distended  and  tortuous  a  long  distance  from  the 
diac  Hiemorrhages  are  now  frequent  and  extensive,  and  gene- 
rally appear  at  the  edge  rather  than  on  the  surface  of  the 
swelling.  Sight  usually  disappears  rapidly  in  the  stage  of 
strangulation.  This  form  of  optic  neuritis  constitutes  the 
choked  or  engorged  disc  (Allbutt)  stauungs-papilla. 

Subsidence  of  Neuritis. — After  the  strangulation  has  existed 
for  some  time  the  venous  distention  gradually  lessens,  the 
swelling  loses  its  intense  red  colour^  hicmon-hages  cease,  and 
the  extravasated  blood  disappears ;  the  tumour  lessens  in 
height  and  extent  The  most  prominent  part  of  the  swelling 
becomes  pale,  and  this  central  pallor  extends  laterally  and 
gradually  invades  the  sloping  sides  of  the  tumour  and  the 
adjacent  retina.  The  centre  of  the  swelling  soon  presents 
a  distinct  depression,  and  the  vessels  become  more  and  more 
constricted  owing  to  the  cicatricial  contraction  of  the  newly- 
formed  connective  tissue.  The  edge  of  the  choroid  and  sclerotic 
now  become  dimly  apparent,  and  the  disc  has  a  white  appear- 
ance, but  does  not  for  a  long  time  present  any  central  de- 
pression, although  this  appearance  may  bo  ultimately  produced. 
Although  the  disc  is  white  at  first,  it  may,  on  reaching  the 
retinal  level,  assume  a  faint  grey  tint,  and  as  the  contraction 
increases  this  tint  becomes  more  and  more  marked.  The  edge 
of  the  disc  is  often  irregular,  and  surrounded  by  a  zone  of 
choroidal  atrophy.  Retinal  hiemorrhages  are  usually  absorbed 
doring  this  regressive  process ;  but  these  sometimes  become 
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transformed  into  spots  of  pigment,  or  lead  to  the  formation  of  | 
white  spots  on  the  retina. 

Retro-bidbar  Newitia. — This  variety  of  neuritis  is,  accordiof; 
to  Dr.  Gowers,  a  mixed  condition  of  congestion  and  atrophy,  H 
the  primary  stage  of  congestion  soon  passinEr  on  to  atrophy  ™ 
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primary  stage  of  congestion 
with  narrowed  vessels. 

Retro-bulbar  Perineuritis, — ^This  variety  is  the  result  of 
chronic  inflammation  of  the  sheath  of  the  nerve,  cauHing 
thickening  and  purulent  infiltration  among  the  trabecula-, 
and  generally  ending  in  optic  neuritis.  This  form  has  been 
observed  in  periostitis  of  the  orbit,  and  in  constriction  of  the 
optic  nerves  from  thickening  of  the  cranial  bones.  ^ 

General    Sipnptoma. — In    many   advanced   eases    of   optic  V 
neuritis,  even  in  the  choked  disc,  sight  is  quite  unimpairetl,  and 
when  amblyopia  is  present  its  degree  is  by  no  means  propor- 
tional to  the  amount  of  changes  observed  on  ophthalmoscopic 
examination. 

In  retro-bulbar  neuritis,  on  the  other  hand,  a  high  dq;ree  of 
unilateral  or  bilateral  amblyopia  may  precede  for  some  time 
any  ophthalmoscopic  appearances. 

In  all  severe  cases  of  optic  neuritis,  diminution  of  the  acute- 
ness  of  vision,  which  may  take  place  in  any  of  the  zones  of  the 
visual  field,  appears  after  a  longer  or  shorter  time.  The  point  of 
distinct  vision  is  at  times  excentric,  while  at  other  times  there  w 
general  or  partial  and  usually  irregular  contraction,  or  blind  H 
spots  (scotomata)  may  occur  in  the  visual  field.  At  times  there  V 
is  great  sensitiveness  to  light,  or  the  patient  complains  of  sub- 
jective sensations  of  sight,  such  as  sparks  or  flashes  of  light,  aod 
coloured  spectra.  These  phenomena  may  occur  when  there  is 
complete  blindness.  The  patient  may  also  sufTer  from  mwiocf 
voUtantes,  and  slight  pain  in  the  eyeball,  caused  either  by 
irritation  of  the  fifth  or  pressure  on  the  optic  nerve.  ^ 

The  cerebral  symptoms  most  likely  to  be  associated  with^ 
optic  neuritis  are  headache,  vertigo,  vomiting,  loss  of  memory, 
epilepsy,  hemiplegia,  and  paralysis  of  some  or  all  of  the  ocular 
muscles.  .,, 

Morbid  Anatomy. — In  order  to  understand  the  mechanianifl 
by  which  the  swelling  of  the  disc  is  caused  in  optic  neuritis. 
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ihe  auatomical  relations  of  the  nerve  must  be  kept  in  mind 
(§  199).  luflammation  of  the  optic  nerve  is  accompanied 
by  a  serous  infiltration  which  augments  its  volume  and 
diminishes  its  consistence.  The  sheath  of  the  nerve  is 
often  distended  with  fluid,  the  distention  being  greatest  a 
short  distance  behind  the  eye.  The  connective  tissue  of 
the  pial  sheath  and  of  the  trabeculaj  surrounding  the 
nerve  bundles  becomes  thickened,  and  manifests  an  increase 
of  nuclei  or  cells,  and  a  considerable  number  of  leucocytes  may 
be  observed  around  the  vessels.  A  like  increase  of  nuclei  may 
be  observed  between  the  nerve  fibres  themselves.  The  nerve 
fibres  become  irregularly  thickened,  and  present  a  varicose 
appearance,  while  the  medullary  sheath  becomes  grauular,  and 
the  myeline  is  often  broken  up  into  globular  ma.sses.  In 
adraoced  cases,  the  tissue  of  the  lamina,  eribrosa  becomes 
distended,  and  its  structure  greatly  altered.  The  veins  are 
large  and  tortuous,  while  the  arteries  are  abnormally  small 
and  often  quite  atrophied. 

The  first  explanation  of  the  conditions  observed  in  optic 
neuritis  was  attempted  by  Von  Graefe.  The  condition  which 
he  designated  as  descending  neuritis  was,  in  his  opinion,  caused 
by  inflammation  communicated  to  the  optic  nerve  from  inflamed 
meninges.  That  the  optic  nerve  is  liable  both  to  }>erineuritis 
and  to  descending  neuritis,  like  other  nerves,  ia  not  seriously 
doubted  by  any  pathologist ;  the  only  question  which  arises  is, 
whether  the  cases  described  by  Von  Graefe  as  descending 
neuritis  can  be  clinically  and  anatomically  distinguished  from 
forms  of  optic  neuritis,  which  arise  as  the  result  of  a  different 
mechanism.  The  cases  of  optic  neuritis  or  choked  disc,  which 
occur  in  association  with  cerebral  tumour,  and  in  which  there  is 
no  evidence  of  inflammation  in  the  trunks  ot  the  optic  nerves. 
Von  Graefe  attributed  to  iocreaae  of  intracranial  pressure, 
obstructing  the  return  of  blood  from  the  eye  by  com- 
pressing the  cavernous  sinus,  an  obstruction  which  would 
be  greatly  intensified  by  the  unyielding  character  of  the 
sclerotic  ring.  It  was,  however,  demonstrated  by  Sesemann 
that  the  supra-orbital  anastomoses  so  freely  with  the  facial 
veins  that  pressure  on  the  cavernous  sinus  would  not  produce 
anything  beyond  a  temporary  effect.      It  was  discovered  by 
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Schwalbe  that  the  subvaginal  space  around  the  optic  nerve  « 
continuous  with  the  subdural  space  around  the  brain  ;  and 
Schmidt  suggested  that  any  increase  of  intracranial  pressure 
would  tend  to  distend  the  sheath  of  the  optic  nerve  with  fluid, 
and  consequently  would  protluce  strangulation  of  the  nerve 
fibres  in  their  passage  through  the  sclerotic  ring  and  lamina 
cribroflfk  Although  this  theory  is  very  largely  accepted,  it 
is  by  no  means  free  from  objections.  In  the  first  place,  optic 
neuritis  is  rarelyfound  in  chronic  hydrocephalus, where  the  intra- 
cranial pressure  is  very  great;  while  the  aflfection  may  be  present 
in  an  intense  degree  in  the  case  of  a  small  tumour,  where  the 
increase  in  the  intracranial  pressure  must  be  relatively  slight. 
Whatever  part,  therefore,  increase  in  the  intracranial  pressure 
may  take  in  the  production  of  optic  neuritis,  it  is  clear  that 
.some  other  factor  is  necessary  for  the  full  explanation  of  the 
mechanism  of  its  production.  This  factor  Dr.  Hughlings 
Jackson  endeavoured  to  supply  by  suggesting  that  intracranial 
tumours  act  liko  foreign  bodies,  and  produce  optic  neuritis  by 
their  irritating  effects;  but,  as  Dr.  Clifford  AUbutt  remarks, 
the  evidences  of  irritation  are  frequently  absent  in  the  tissues 
surrounding  intracranial  tumours,  although  such  cases  during 
life  were  accompanied  by  optic  neuritis. 

Treatment. — Idiopathic  optic  neuritis  must  be  treated  by 
active  antiphlogistic  measures.  Two  or  three  leeches  should 
be  applied  to  each  temple,  or  a  few  ounces  of  blood  may  be 
removed  from  the  temple  by  the  artificial  leech.  In  the  case 
of  optic  neuritis  from  cerebral  tumour  the  possibility  of  syphilis 
must  never  be  forgotten,  and  it  is  a  good  rule  to  administer 
the  iodide  of  potassium  in  all  cases  in  which  tliere  is  the 
slightest  possibility  that  tliis  disease  may  have  been  acquired. 
The  iodide  should  be  given  in  large  doses  to  begin  with, 
and  the  dose  still  further  increased  if  there  is  the  slightest 
sign  of  improvement. 


(B)  ATROPHIC  AFFECTIONS  OF  THE  OPTIC  NKEVBa 

Atrophy  of  the  Optic  Nerve, — Atrophy  of  the  optic  nerve  is 
a  state  in  which  the  intraocular  extremity  of  the  nerve  be- 
comes slowly  and  progressively  transformed  into  a  pure  white 
or  greyish-white  disc.    There  is  complete  cessation  of  the  capii- 
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lary  untrition  of  the  nerve,  and  consequently  the  healthy  rosy 
tint  of  the  disc  disappears. 

(1)  Simple  atrophy  is  frequently  associated  with  disease 
of  the  spinal  cord,  and  especially  with  locomotor  ataxy;  and 
consequently  Charcot  called  it  tabetic  amaurosis,  or  parenchy- 
matous atrophy.  It  appears  at  various  epochs  in  the 
course  of  the  disease.  Sometimes  it  is  preceded  by  the  lan- 
cinating pains  in  the  inferior  extremities,  and  by  many  of  the 
other  symptoms  of  the  disease;  while,  at  other  times,  the  optic 
lesion  precedes  by  many  years  all  the  other  symptoms.  As  this 
affection  comes  on  without  any  definite  cause,  it  may  also  be 
called  primary  atrophy. 

(2)  Secondary  atrophy  of  the  optic  nerve  is  caused  in 
various  ways.  The  following  varieties  of  the  affection  may  he 
distinguished : — 

(o)  Atrophy  by  compression  of  the  fibres  of  the  Optic  Nerve. 
This  form  of  atrophy  may  be  caused  by  pressure  on  the 
chiasma  or  on  the  optic  nerves  in  any  part  of  their  course 
through  the  base  of  the  brain,  optic  foramen,  or  orbit.  It  is 
often  preceded  by  a  stage  in  which  the  disc  is  congested  ;  but 
inasmuch  as  the  ophthalmoscopic  appearances  presented  by  the 
simple  and  congestive  varieties  are  the  same  when  once  atrophy 
is  established,  the  two  forms  may  be  described  together. 
Lesions  of  one  optic  tract  cause  bilateral  symmetrical 
bemiopia,  but  it  is  only  after  some  years  that  slight  pallor  of 
the  corresponding  halves  of  the  disc  is  observed. 

S;piiploms :  Ophthalrtioscopic  Appearances. — On  ophthal- 
moscopic examination  the  optic  disc  is  observed  to  have  under- 
gone very  marked  changes.  (See  Plate  I.)  The  disc  assumes  a 
pearly  white  colour  (white  atrophy),  occasionally  mixed  with  a 
slight  tinge  of  blue  or  of  grey  (grey  atrophy).  The  contour  of 
the  disc  is  sharply  defined ;  but  its  outline  may  be  slightly 
irregular,  and  in  advanced  cases  it  often  becomes  oval  and 
somewhat  reduced  in  size,  although  the  normal  size  and 
round  form  may  be  long  preserved  after  the  fullest  blanching. 
The  central  artery  and  vein  maintain  their  normal  volume  and 
direction,  but  the  lateral  branches  of  the  disc  are  in  great 
part  atrophied.  This  affection  is  usually  bilateral,  but  occa- 
sionally it  may  be  limited  for  many  years  to  one  eye,  and  become 
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only  slowly  communicated  to  the  other.  The  retina  remaina 
perfectly  transparent,  and  preserves  its  normal  aspect,  the  disc 
being  the  only  part  of  the  fundus  which  presents  any  appre- 
ciable change.  The  pupil  is  usually  contracted  (myoais),  but 
at  other  times  it  assumes  an  irregular,  angular  or  oval  form. 
probably  caused  by  atrophy  of  some  of  the  branches  of  the 
ciliary  nerves.     The  pupils  are  also  often  of  unequal  size. 

General  Symptoms. — The  onset  of  the  aflfeclion  is  usualij 
slow,  and  the  patient  observes  for  months  or  years  that  his 
sight  is  becoming  gradually  and  progressively  enfeebled.  The 
field  of  vision  is  not  as  a  rule  diminished  at  first,  but  with  the 
progress  of  the  affection  it  becomes  concentrically  contracted. 
Defect  in  the  acuteness  of  vi.'*ion  is  usually,  but  not  always, 
in  direct  proportion  to  the  degree  of  change  in  the  optic  ner>*e, 
and  occasionally  the  patient  can  read  the  finest  print  when 
the  atrophy  is  very  advanced,  and  when  there  is  concentric 
diminution  of  the  field  of  vision.  The  latter  may  be  altered  in 
various  ways,  but  concentric  limitation  is  the  most  frequent 
change.  At  times  a  central  scotoma  may  be  associated  with 
concentric  restriction.  This  form  of  alteration  generally  arises  ^ 
from  tosic  causes,  such  as  alcohol  and  tobacco.  Loss  of  colour  fl 
vision  (achwmalopsia)  is  especially  well  marked  in  this  form 
of  atrophy. 

Various  subjective  sensations  are  experienced,  such  as  sparks 
or  flashes  of  light  (photopsia),  or  a  subjective  play  of  colours  or 
coloured  spectra  (chromatopsia).  The  mode  of  locomotion  of 
these  patients  is  characteristic.  The  head  is  retracted  and  the 
chin  elevated,  the  gait  is  shuffling,  the  eyes  are  directed  upwards, 
and  the  expression  of  the  countenance  is  vague,  owing  to  the 
fact  that  the  eyes  are  not  fixed  on  any  object.  If  the  affection 
has  been  developed  slowly,  nystagmus  may  be  present 

(6)  Atrophy  Secondary  to  Optic  Neuritis. — The  main 
features  of  this  form  of  atrophy  have  already  been  described, 
when  the  subsidence  of  neuritis  was  under  consideration.  Tba 
disc  is  at  first  yellow  or  dull  white,  its  contour  is  com- 
pletely hidden  under  an  exudation,  the  vessels  are  varicose;  butj 
aa  the  exudation  becomes  absorbed  the  nerve  becomes  wbil 
and  whiter,  its  capillaries  atrophy,  and  the  central  vessels  them- 
selves become  smaller  although  they  preserve  their  tortuoiu 
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course.  The  disc  is  not  sharply  defined,  as  in  simple  atrophy ; 
but  its  contour  is  irregular  and  broken,  and  its  edges  are 
obscured  by  exudation.  It  is  larger  than  normal,  and  white 
patches  of  exudation  may  be  ob-served  in  its  vicinity  and  in  the 
neighbourhood  of  the  macula,  indicating  that  the  infiammatioa 
had  previously  spread  to  the  retina. 

Atrophy  secondary  to  optic  neuritis  is  not  always  followed  by 
blindness,  and  patients  who  had  completely  lost  their  sight 
during  the  acute  period  may  now  recover  some  degree  of  vision 
and  retain  it  for  the  remainder  of  life. 

(c)  Atrophy  Secondary  to  Obliteration  of  Vessels. — This 
form  of  atrophy  is  caused  by  embolus  or  thrombosis  of  the  centra! 
artery  of  the  retina.  The  disc  is  of  a  pearly  white  colour 
without  a  tinge  of  grey ;  but  its  margin  is  usually  covered  with 
ft  white  veil,  which  extends  to  the  retina.  The  arteries  are  so 
small  as  to  be  scarcely  appreciable,  and  are  often  surrounded 
by  a  whitish  and  more  or  less  opaque  exudation.  After  the 
exudation  has  been  absorbed,  this  form  of  atrophy  is  dis- 
tinguished from  every  other  kind  by  the  small  size  of  the 
arteries  of  the  disc  and  retina. 

(d)  Choroiditic  Atrophy. — Atrophy  of  the  disc  secondary 
to  choroido-retinitis  closely  resembles  that  which  results  from 
obliteration  of  the  central  artery  of  the  retina.  There  is  a 
marked  wasting  of  the  retinal  vessels  in  choroiditic  atrophy; 
but  the  disc  is  often  characterised  by  a  peculiar  reddish  or 
yellowish  tint,  and  its  edges  appear  slightly  blurred  (Gowers). 

(e)  Atrophy  Secondary  to  Retinitis  Pigmentosii. — In 
retinitis  pigmentosa  the  retina?  become  studded  by  pigmentary 
spots.  This  migration  of  the  choroidal  pigment  into  the  retinjB 
is  accompanied  by  an  atrophy  of  the  central  vessels,  their  walls 
becoming  thickened,  and  their  calibre  much  diminished  in  size. 
On  ophthalmoscopic  examination  the  central  vessels  appear 
sensibly  diminished  in  size,  and  their  collateral  branches 
undergo  the  same  alterations,  and  after  a  time  disappear 
altogether.  The  capillary  vessels  derived  from  the  ciliary 
arteries  of  the  optic  nerve  are,  however,  not  affected  to  the 
same  extent ;  hence  the  disc  generally  preserves  a  well  marked 
rosy  tint. 

(/)  Atrophy  by  Excavation. — This   variety  of   atrophy  is 
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caused  by  increased  intraocular  pressure  ia  such  diseases  as 
glaucoma  and  hydrophthalmia,  and  it  is  characterised  by  the 
deep  excavation  of  the  optic  disc.  A  certain  amount  of  excava- 
tion  may  take  place  in  the  later  stages  of  any  form  of  atrophy, 
owing  to  wasting  of  the  fibres  of  the  optic  nerve,  and  to 
cicatricial  contraction  of  newly-formed  connective  tissue. 


{j  208.  Morbid  Anatomy. — The  anatomical  changes  in 
atrophy  of  the  disc  extends  through  the  optic  nerves.  In  pri- 
mary atrophy  the  nerve  is  much  reduced  in  size,  and  is  grey  and 
gelatinous  in  appearance.  The  connective  tissue  trabecuL-u  ore 
hypertrophied,  while  the  nerve  fibres  themselves  are  progres- 
sively destroyed.  During  the  disappearance  of  the  medullary 
sheath,  which  is  the  first  to  undergo  degeneration,  the  various 
transformations  of  myeline  already  described  in  the  case  of 
other  nerves  may  be  observed.  After  a  time  the  axis-cylinder 
also  becomes  destroyed,  and  the  nerve  becomes  changed  into  a 
cord  of  connective  tissue.  In  atrophy  from  pressure  the  nerve 
is  much  reduced  in  size,  and  there  is  great  increase  of  con- 
nective tissue.  The  disc  usually  presents  a  superficial  depres- 
sion, which,  according  to  Miiller,  does  not  generally  pass  beyond 
the  limits  of  the  choroid.  The  lamina  cribrosa  does  not  generally 
undergo  any  displacement,  and  it  is  only  covered  by  a  thin  layer 
of  the  debris  of  the  disc.  Miiller  has  also  shown  that  the 
ganglionic  layer  and  the  nerve  fibres  of  the  retina  undergo 
complete  atrophy,  while  the  other  layers  are  unafifected.  The 
degeneration  always  ascends  to  the  chiasma,  and  the  optic 
tracts  are  atrophied  in  long-standing  cases  as  far  as  the  external 
geniculate  bodies. 


§  209.  Cotirae  and  Terminations. — The  progress  of  the 
afifection  is  usually  slow,  and  from  three  to  six  years  may  elapM 
before  complete  blindness  comes  on.  Syphilitic  atrophy  of  the 
optic  nerve  is  more  rapid  in  its  progress,  and  it  may  cause  blind- 
ness in  the  course  of  a  few  months.  The  atrophy  is  limited  at 
times  to  one  eye,  but  as  a  rule  it  is  binocular. 

§  210.  Prognosis. — Whatever  may  be  the  form  of  atrophy  of 
the  disc,  it  is  undoubtedly  one  of  the  gravest  affections  which 
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can  affect  the  organ  of  vision.  In  progressive  atrophy  recovery 
is  almost  entirely  unknown.  A  temporary  improvement  may 
at  times  be  obtained,  but  it  is  doubtful  how  far  this  is  due  to 
treatment,  inasmuch  as  the  functional  symptoms  may  remit 
slightly,  even  where  the  atrophic  process  is  steadily  progressive. 
The  prognosis  of  atrophy  secondary  to  optic  neuritis  is  more 
favourable.  The  cerebral  affection  which  has  caused  this  affec- 
tion may  be  capable  of  cure,  and  the  atrophy  may  become 
partial  and  cease  to  progress  further. 

Monocular  atrophy  of  the  disc,  provoked  by  a  local  cause, 
ocular  or  orbital,  is  less  grave ;  the  lesion  being  local,  the  atrophy 
remains  limited  to  a  single  eye,  and  the  sight  of  the  other  is 
preserved. 


§  211,  Treatment. — The  treatment  of  atrophy  of  the  optic 
nerve  consists  in  removing  the  exciting  causes  of  the  affection, 
and  the  general  condition  of  which  it  is  a  symptom.  It  is 
necessary  to  inquire  whether  there  may  be  some  debilitating 
cause  for  the  disease,  such  as  exhausting  diarrhoiia,  excessive 
menstrual  or  hismorrhoidal  discharge,  and  sexual  or  any  other 
form  of  mental  or  physical  excess  calculated  to  engender  nervous 
debility.  An  inquiry  must  also  be  instituted  to  ascertain 
whether  the  disease  depends  upon  the  abuse  of  alcohol,  tobacco, 
or  other  toxic  agents. 

The  greatest  care  must  be  taken  to  ascertain  if  the  disease  is 
due  to  a  syphilitic  taint,  either  acting  primarily  on  the  nerve  or 
its  vessels,  or  secondarily  through  the  optic  neuritis  caused  by 
the  growth  of  a  gumma  within  the  cranium.  The  slightest 
suspicion  of  such  a  cause  must  be  promptly  followed  by 
appropriate  autisyphilitic  treatment.  Atrophy  from  scrofulous 
disease  of  the  brain  must  be  treated  by  iodide  of  iron  and  cod- 
liver  oil,  although  the  prognosis  in  this  case  is  nut  so  favourable 
as  in  the  syphilitic  variety.  Nitrate  of  silver,  phosphorus,  and 
strychnia  have  each  been  found  useful  in  the  treatment  of  this 
affection,  the  first  of  them  being  probably  most  appropriate  for 
the  treatment  of  the  tabetic  variety.  Electrisation  of  the  eye 
is  occasionally  of  use  in  the  treatment  of  cases  in  which  vision 
is  not  completely  lost. 
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(III.)-DISEASE8  OF  THE  ACOUSTIC  NERVE. 

§  212.  Auditory  or  Acoustic  Hypercestheaia  is  that  conditioa 
in  which  the  sensibility  of  the  auditory  sensory  apparatus  is 
abnormally  increased  ;  so  that  sounds  too  far  off  to  be  detected  in 
the  normal  state  are  distinctly  heard,  or  the  power  of  discrimi- 
nating dififerences  of  sounds  is  greatly  increased.     Great  differ-  J 
ences  obtain  in  health  in  the  degree  of  acuteness  of  the  sense  H 
of  hearing  in  different  individuals  or  in  the  same  individual  at 
different  times.     Like  the  other  senses,  the  ear  is  capable  of 
being  educated;  and  trained  musicians  can  detect  the  most 
delicate  shades  of  differences  in  tone,  and  it  is  a  matter  offl 
common  observation  that  the  acuteness  of  hearing  is  greatly      i 
increased  in  the  blind.     The  increased  power  of  distinguishing 
various    sounds    Eulenburg    proposes    to    call    hyperahina.^^ 
Hyperakusia  is  often  observed    in   hysterical  patients  and  in  " 
conditions  of  ecstasy  and   sometimes  even  in  somnambulism.      i 
Hypera^sthesia  of  the  sense  of  hearing,  however,  generally  de-  H 
clares  itself,  not  by  an  increased  power  of  discriminating  sounds, 
but  in  an  increase  of  the  pleasant  or  painful  feelings  which 
accompany  sound.      This   condition  may  be  called  audit<»y 
hyperalgesia.    The  painful  feelings  associated  with  sound  pre- 
dominate in  disease.  Auditory  hyperalgesia  is  a  very  troublesome 
symptom  in  many    cases    of  acute   disease,   general   debility, 
hysteria,   and  various  mental  diseases,   so   that  the  slightest 
sound  is  exceedingly  painful  to  the  patient. 

Auditory  hyperiESthesia  may  be  caused  by  an  affection 
of  the  peripheral  endings  of  the  auditory  nerve,  of  the  con- 
ductive apparatus,  or  of  the  central  acoustic  centre,  and  it  may 
also  occur  as  a  symptom  of  disease  of  the  accessory  apparmtns 
of  hearing. 

Auditory  hyporsssthesia  occurs  in  peripheral  facial  paralysia,  dae 
to  increased  tension  of  the  tympanic  membraDe  from  paralyaia  of  the 
stapedius  mu.scle. 

The  condition  in  which  the  sensation  of  hearing  is  accompanied  by 
painful  feeliuga  must  be  carefully  distinguished  from  auditory  ueuntlgia 
or  otalgia.  Otalgia  in  all  probability  depends  upon  neuralgia  of  filam«ota 
of  the  inferior  maxillary  branch  of  the  trigeminus,  and  it  has  been  oaliad 
by  Kramer  and  Schwartz  ueuralgia  of  the  tympanic  plexus. 
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§  213.  Concomitant  Symptoms. — Acoustic  hjrpersestlieBia  is 
often  accompanied  by  auditory  subjective  sensations,  illusions, 
and  hallucinationa  Tinnitus  is  the  most  common  form  of 
subjective  sensation,  and  it  may  assume  the  forms  of  clanging, 
humming,  whizzing,  whistling,  and  other  noises.  This  condition 
is  seldom  of  nervous  origin.  It  is  generally  a  symptom  of  the 
most  different  diseases  of  the  external  or  middle  ear.  Tinnitus 
is  sometimes  a  symptom  of  congestion  of  the  head,  and  occurs 
in  association  with  dizziness  in  Meniere's  disease,  also  in  aocemia 
and  chlorosis,  after  great  loss  of  blood,  and  after  the  use  of  large 
doses  of  quinine,  or  salicine. 

The  coostant  curreat  is  a  very  valuable  agent  in  diagnosing  different 
kinds  of  tinnitus,  and  also  very  successful  in  the  treatment  of  the  neuro- 
pathic forms.  In  neuropathic  kinds  there  is  hjpencsthesiato  the  galvanic 
current  during  cathodal  closure,  anodal  opening,  and  the  closed  circuit  in 
both  ears.  In  some  cases  an  BDomalous  reaction  is  obtained  in  the  opposite 
ear  to  that  to  which  the  electrode  is  applied.  In  those  moments  of 
changiDg  the  current  which  produce  no  efiect  on  the  ear,  irritative  sensa- 
tions are  heard  in  the  other  ear  similar  to  those  which  would  bo  heard  if 
it  were  directly  irritated  by  the  opposite  direction  of  current. 

Auditory  illusions  are  frequently  observed  in  mental  diseases, 
probably  not  so  often  as  illusions  of  sight,  but  frequently  in 
association  with  the  latter. 

The  illusions  depend  on  irritation  of  the  central  acoustic  organ.  Audi- 
tory illusions  are  most  frequently  observed  in  melancholia  and  craziness. 
In  the  former  the  illusions  assume  the  form  of  abusive  or  threatening 
words,  or  commands  to  do  acts  of  violence  ;  in  the  latter  they  take  the 
form  of  heavenly  messages,  revelations,  or  the  solace  of  the  presence  of 
Bweet  music.  Such  phenomena  are  not  uufrequeutly  associated  with  oom- 
pleto  deafness.  Auditory  illusions  are  sometimes  unilateral ;  and  in  some 
cases  there  are  alternating  illitsious  of  different  senses,  such  as  right-sided 
optic  and  left-sided  auditory  illnsions. 

§  214.  Aiiditory  Ancestliesia  consists  of  abnormal  diminution 
or  abolition  of  the  sense  of  hearing.  The  cause  of  the  affection 
may  be  either  lesion  of  the  peripberal  end-organ  of  the  audi- 
tory apparatus,  of  the  conductive  apparatus,  or  of  the  central 
terminal  organ.  Dulness  of  hearing  or  complete  deafness  may 
occur  after  various  injuries  to  the  bead,  such  as  fracture  of  the 
base  of  the  skull,  severe  concussions,  or  a  fall  on  the  back  of  the 
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head.  Deafness  is  a  symptom  of  circumscribed  affections 
the  cerebellum,  and  of  the  middle  and  posterior  lobes  of  tb4 
cerebrum  ;  also  of  cerebro-spinal  and  basal  meningitis,  and  it  tl 
frequently  a  symptom  of  acute  infectious  diseases,  such  a«" 
scarlet  fever,  measles,  and  typbua  Deafness  is  observed  in  ,| 
hysteria,  and  after  toxic  doses  of  quinine,  lead,  and  otbetAj 
agents.  The  consideration  of  the  pathology  of  these  condition!™ 
must  be  deferred  for  the  present. 

Deaf  mutism  is  usually  a  congenital  affection,  and  it  generallj 
depends  on  arrest  of  development  of  the  internal  or  middle 
ear ;  sometimes  it  is  acquired. 

Treatment. — The  treatment  of  acoustic  hypenesthesia  andl 
anaesthesia  has  not  been  attended  by  great  success.     Acoustic' 
hyperajsthesia  is  sometimes  improved  by  galvanisation,  mode- 
rately  strong  currents  being  employed.     Duchenne   obtained 
good  results  in  nervous  deafness  from  the  faradic  current 


aV.)-DISEASES  OF   THE  GUSTATOKY  NERVEa 

§  215.  The  tongue  is  the  principal  organ  of  the  gustatoty , 
sense ;  but  sensations  of  taste  are  also  perceived  by  part  of  the j 
soft  palate,  by  the  arches  of  the  palate,  and  by  the  walls  of 
the  pharynx.  But  the  root  of  the  tongue  and  the  pharyngeal 
tissues  on  the  one  hand,  and  the  anterior  half  of  the  tongue  on 
the  other,  receive  their  gustatory  fibres  from  different  nerves. 
It  may  be  accepted  as  proved  that  the  glosso-pharyngeaJ  nerve 
supplies  the  gustatory  fibres  distributed  over  the  posterior  part 
of  the  tongue,  the  palate,  and  the  walls  of  the  pharynx,  and  by 
the  mutual  contact  and  pressure  of  these  parts  the  sensations  are 
rendered  more  acute  and  distinct.  The  tip  and  anterior  two- 
thirds  of  the  tongue  receive  their  gustatory  fibres  from  the 
lingualis.  It  has  been  proved  that  section  of  the  chorda 
tympani,  or  of  the  facial  nerve  at  any  point  where  it  contains 
the  fibres  of  the  chorda  tympani,  also  abolishes  or  retards  the 
perception  of  taste  in  the  anterior  part  of  the  tongue.  Whether 
all  the  gustatory  fibres  pass  from  the  lingualis  to  the  chorda 
tympani,  or  part  of  them  remain  in  the  lingualis,  is  a  i 
which  has  not  yet  been  finally  nettled  ;  but  there  can 
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doubt  that  the  chorda  tympani  contains  a  very  considerable 
part,  if  not  all,  of  the  gustatory  fibres  of  the  anterior  half  of 
the  tongue. 

Fio.  30. 


fa.  30  (From  Hemium'a  "  Physiology '').    Diagram  »/  Oiouo-Phmryniftal  Nerve, 
iU  connection!  and  branehei. 

GP,  Glomo-ph»ryngeal  nerve.    JG,  Its  Jugular  ganglion.    PG,  Iti  petroui 

gangHon. 
1,  T^panic  branch,  or  nerve  of  Jacobson,  the  branches  of  which  are  as  foUowi: — 
3,  Filaments  to  plexus  on  carotid  artery;  3,  To  Eustachian  tube;  4,  To  fenettra 

rotunda  ;  6,  To  fenetlra  ^ralu. 
I,  Twig  of  union  with  tmall  luper^ial  petr<iiil  n. 
_  f.  Twig  of  union  with  great  tuperlicial  petnual  n. 

8,  Pharyngeal  branches  of  glooso-pharyngeal  n. 

9.  Moacnlar  branches  to  stylo-pharyngeus  and  conitrictora  (f) 

10,  Tonsillitic  branches. 

11,  Terminal  lingual  branches, 

F,  Fneumogastric  nerve,  from  the  ganglixm  of  the  root  of  which  brandNi  pMi 

to  the  petrona  ganglion. 
S,  Snperior  cervical  ganglion  Mrith  an  ascending  branch  to  the  petraut  ganglion. 
MG,  Meckel's  ganglion.    00,  Utic  ganglion.    F,  Facial  serve.    CA,  Carotid 

artery. 

W 


^tUm 


1  IC  31  (From  Luiduu'  "Phyiiologie").    S(mi-*eh<matU:  rtoreientaliim  oftlu  OaUar 
Jfentt,  alOKj/  tlith  tKt  TVioemi'ntu  and  itt  Oanfflion,  t'  -to-pjkarf/n- 

ffoU  Ntm$.— 3,  Bnachof  the ncn\o-motnn\iM  to  lbt\  iukm,  witk 

ft  ihick  thort  root  to  the  laoticuUr  ganglion  (e) ;  (,  ciiiu-y  nerve*  ;  i,  loag  root  of 
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Scbiff  found  that  section  of  the  trigeminus  at  the  base  of  the  slcull 
completely  abolishes  the  sense  of  taste  in  the  anterior  half  of  the  tongue, 
aod  the  same  result  follows  the  division  of  the  great  superficial  petrosal 
uerre,  the  division  of  all  the  connections  of  the  spherio-paktine  ganglion, 
and  tho  extirpation  of  the  spheno-palatino  ganglion  itself.  The  clinical 
records  relied  upon  in  determining  the  respective  functions  of  the  nerves 
dtatributed  to  the  tongue  and  mucous  membrane  of  the  pharynx  oon- 
siAt  of^ 

1.  Cases  of  complete  isolated  anoiathesia  of  the  trigeminus  from  disease 
of  the  segment  lying  at  the  base  of  the  skull,  with  abolitiou  of  taste  in  the 
anterior  half  of  the  tongue. 

2.  Cases  of  isolated  complete  peripheric  paralysis  of  the  facial,  with 
abolition  of  ta.ste  on  the  anterior  half  of  the  tongue.  Also  cases  of  suppu- 
ration of  the  middle  ear  or  caries  of  the  temporal  bone,  with  paralysis  and 
leoion  of  the  chorda  tympani. 

3.  Cases  of  paralysis  of  the  facial  at  the  base  of  the  skull,  above  the 
geniculate  ganglion,  without  injury  to  the  sense  of  taste  (Erb). 

A  considerable  number  of  such  cases  are  now  recorded,  and  it  may 
eonaequently  be  inferred,  that  the  greater  part  of  the  gustatory  fibres  pass 
from  the  lingualis  to  the  chorda  tympani,  and  by  means  of  the  latter  into 
the  facial,  but  finally  return  again  into  the  trigeminus,  with  which  they 
enter  the  brain. 

So  far,  then,  as  our  present  knowledge  enables  us  to  judge,  the  following 
ia  the  distribution  of  the  guistatory  nerves.  The  base  of  the  tongue,  the 
palate,  and  the  walls  of  the  pharynx  are  supplied  by  the  glosso -pharyngeal 
nerve  ;  the  anterior  two-thirds  of  the  tongue,  on  the  other  hand,  is  sup- 
plied by  the  lingual,  but  the  gustatory  fibres  of  that  nerve,  either  alto- 
gether or  in  great  part,  enter  the  chorda  tympani,  then  run  in  the  facial 
as  far  as  the  geniculate  ganglion,  and  finally  return  by  many  and  still 
imperfectly  known  paths  to  the  second  and  third  divisions  of  the  fifth 
nerve,  in  which  they  ascend  to  the  brain. 


tbe  Banffliun  {rnm  the  naaal  nerve  (ne) ;  i,  STOipsthetio  root  from  the  internal 
carotid  plexna  (G) ;  d,  tint  branch  of  the  triceminua  (5)  with  th«  n&iuil  (nc| 
branch  and  tho  terminal  brancht^a  of  tbs  lachrymal  (a),  supra-orbitikl    0\  and 

LJtonlal  (/)  nerves ;  <,  second  branch  of  ihe  trii,'eiiiinU9 ;   K,  liupra-orhiial ;  n, 

pheno-palatioe  gangUoo,  with  its  roots  <^')  fr<im  the  facial,  and  (r)  from  the  iiym- 

nthelic  ;  N,  the  nasal  branch  ;  p,  p,  the  branchea  of  the  gan);li<in  to  the  ({uuu  ; 

^,  third  branch  of  tbs  trigeminu". ;  k,  lin^rualia ;  t,  i,  chorda  tympani ;  m,  otio 

Pnn|;lion,  with  ita  root^  from  tbe  tympanic  and  carotid  plexuHea,  and  from  tbe 
tbiril  bmnch  of  the  fifth;  and  witb  ita  branchet  to  the  auricuin  tetoporalu  (Ai 
kud  to  the  chorda  tympani  (i,  ij ;  L,  iiul>maxillaiy  ganglion,  with  ita  roota  from 
the  chorda  tyiupani,  lingualis,  and  the  aympathetic  plexna  of  the  external 
maxillary  artery  (q) ;  7,  facial  nervea ;  j,  anperficial  petroaal  (major)  nerve  ; 
■,  geniculate  ganglion  -,  fi,  branch  to  the  tym  panic  plexua ;  y,  branch  to  atapediua ; 
<,  communicating  branch  to  auricular  branch  of  the  vagua  ;  i,  i,  chorda  tym- 
naui ;  a,  atylo-maatoid  foramen  ;  'J,  Gloaao-jiharyngeal  nerve,  *,  ita  tympanic 
Dranch,  r  and  <  couiioimicating  branchea  to  facial  nerve,  IX,  tenitination  of  the 

ISnataUiry  fibrea  in  the  papiDce  circumvallatK ;  .Sy,  aympathetic  with  (Uj/Sy)  the 

p  superior  cervical  ganglion ;  i,  ii,  iii,  iv,  the  four  upper  cervical  nervea ;  P,  parotij  ; 
SI,  (UbmaxiUary  gland. 
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§  21C.  Methods  of  Testing  lite  Taste. 

It  ought  to  be  remembered  that  many  thiugs  differ  ooDsiderably  in 
taste  according  as  they  are  perceived  by  the  anterior  or  posterior  porttoo 
of  the  tongue,  and  that  no  substance  can  be  tasted  unless  it  is  disaolred. 

When  the  acuteness  of  the  sense  of  taste  is  to  be  tested,  the  patieut 
should  be  directed  to  put  his  tongue  out  with  the  mouth  widely  open  aud 
the  eyes  closed,  whilst  the  sapid  substance  ia  applied  ou  the  particular 
part  to  be  tested  with  a  glass  rod  or  small  brush.  The  tongue  must  not 
be  withdrawn  into  the  mouth  until  time  is  given  for  the  taste  to  be  per- 
ceived, the  greatest  difficiilty  being  exiierienced  in  keeping  the  stimulus 
circumscribed  to  a  particular  part  of  the  tongue.  After  each  experiment 
the  tongue  must  be  prepared  for  a  fresh  trial  by  riusing  the  mouth  out 
with  water. 

A  solution  of  quinine,  infusion  cf  quassia,  or  solutions  of  various  otixr 
substances  are  employed  for  testing  hitter  lattta;  and  it  ought  to  be  remeoi- 
l)ered  that  bitters  are  most  distinctly  perceived  at  the  root  of  the  tongue. 
Solution  of  .«ugar,  honey,  and  so  on,  are  used  for  testing  the  taste 
for  ticeet  articles,  which  are  most  distinctly  i>«rceived  at  the  tip  of 
the  tongue.  Vinegar  and  diluted  acids  are  used  for  testing  avid  tattu, 
which  are  chiefly  perceived  by  the  edges  of  the  tongue.  Saline  lattta  an 
tested  with  solutions  of  common  suit,  bicarbonate  of  soda,  and  the  like. 

The  galvanic  method  of  testing  the  sense  of  taste,  iutrc>diiced  by 
Neumann,  is  very  valuable  for  the  investigation  of  pathological  cases. 
Two  line  wires,  provided  with  small  knobbed  ends,  and  carefully  isolated 
from  one  anotber  by  means  of  sealing-wax,  are  to  be  attached  at  a  few 
millimetres  from  each  other  to  a  non-conducting  handle,  such  as  a  glass 
rod  or  an  elastic  ciitheter,  and  these  wires,  which  form  the  electrodes,  are 
then  connected  with  the  poles  of  one  or  several  galvanic  elements.  If 
these  be  placed  uix)u  the  dorsum  of  the  tongue,  a  alight  burning  sensation 
is  felt  with  a  di.stinct  sensation  of  taste,  which  is  stronger  at  the  anode 
than  at  the  cathode,  and  which  is  variously  described  as  being  sourish, 
saline,  metaUic,  &c.  The  limits  of  the  gustatory  aud  non-gustatory  aiew 
may  be  accurately  determined  by  this  means. 

The  neuroses  of  the  gustatory  nerve  may  be  sul)divided  into  two  group*. 
the  first  of  which  includes  the  hyperaisthesiao  and  the  paraisthesite,  aud  the 
second  the  various  forms  of  akiiiBsthesia, 


i 

1 


< 


§  217.  Ilyperaiatliesia  pf  the  Gustatory  Nerves. — Hypenes- 
thesia  of  the  sense  of  taste  may  manifest  itself  as  an  increase  in 
the  delicacy  of  the  taste.  Hysterical  patients  sometimes  detect 
certain  ingredients  in  food  or  medicines  which  are  quite  imper- 
ceptible to  liealtLy  persons.  It  may  again  express  itself  as  an 
increase   in  the  enjoyment  or  loathing  of  food,   certain  sub- 
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lOCM  causing  a  more  agreeable  or  disgusting  taste  tlian 
ibcy  do  in  the  case  of  the  healthy  palate.  These  anomalies 
chiefly  occur  in  hysterical  patients.  Amongst  the  parcBstheaicB 
of  the  sense  of  t-aste  may  be  mentioned  the  subjective  sensa- 
tions which  are  perceived  in  the  anterior  half  of  the  tongue  in 
maoy  cases  of  facial  paralysis  of  rheumatic  origin,  and  which 
are  described  as  being  sourish,  sweetish,  or  insipid  in  taste; 
and  the  gustatory  sensations  which  are  perceived  in  the  tongue 
when  certain  drugs  have  been  taken.  The  bitter  taste  after 
the  use  of  santonine,  for  instance,  is  so  strongly  marked  that 
water  seems  to  have  a  bitterish  taste  when  swallowed,  and  an 
intensely  bitter  taste  is  often  experienced  during  attacks  of 
jaundice.  The  subjective  gustatory  sensations  of  insane  patients 
are,  doubtless,  of  centric  origin,  and  consist  partly  of  hallucina- 
tions, and  partly  of  illusions  of  taste. 

§  218.  AncBslliesla  oftlie  Gustatory  Nerves  may  be,  as  regards 
its  intensity,  either  complete  or  incomplete,  and  the  diminution 
or  loss  of  taste  may  include  all  the  varieties  of  sapid  qualities, 
or  only  a  few  of  them.  Jacubowitch  has  described  the  case  of 
a  patient  who  was  unable  to  perceive  either  bitter  or  acid 
flavours,  but,  on  the  other  hand,  recognised  sweets  and  salines 
perfectly.  The  antesthesia  of  the  gustatory  sense  may  also  be 
circumscribed  or  diffused,  affecting  either  the  tip  of  the  tongue, 
its  root,  or  one  or  both  sides. 

Peripheric  gustatory  anit-sthesia  may  be  caused  by  all  con- 
ditions which  prevent  or-  render  difficult  the  action  of  sapid 
substances  upon  the  terminal  organs  of  the  gustatory  nerves. 
The  most  usual  of  these  conditions  are  a  coating  of  thick  fur, 
and  preternatural  dryness  of  the  mucous  membrane.  Agents 
which  lower  the  excitability  of  the  terminal  organs  also  blunt 
the  sense  of  taste,  such  as  cold  and  even  excessive  heat,  for  it 
is  well  known  that  the  taste  of  hot  foods  is  not  recognised  with 
precision. 

The  most  usual  cause  of  gustatory  ana'^sthesia  is  to  be  found 
in  disease  of  the  conducting  fibres.  The  lesion  may  be  situated 
in  the  course  of  the  glosso-pharyngeal,  trigeminal,  lingual, 
chorda  tympani,  and  facial  nerves.  When  the  glosso-pharyngeal 
is  affected,  taste  is  weakened  or  abolished  on  the  corresponding 


342 


DISEASES  OF  THE  NERVES 


side  of  the  root  of  the  tongue,  palate,  and  pbatynx.  No 
uncomplicated  case  of  this  nature  is  however  on  record.  If 
the  lesion  is  situated  in  the  trigeminus  and  lingualis,  or  in 
the  cJiorda  tympani  and  certain  sections  of  the  facial,  the 
gustatory  anajsthesia  affects  the  anterior  half  of  the  tongue, 
its  borders  and  apex.  Many  cases  are  on  record  where 
intracranial  lesion  of  the  trigeminus  caused  paralysis  of  the 
sense  of  taste ;  and  Romberg  relates  a  case  where  the  third 
branch  of  the  trigeminus  was  alone  diseased,  and  where  there 
was  gustatory  anesthesia. 


4 


§  21D.  Lesions  of  the  chorda  tympani,  caused  by  disease  of 
the  internal  ear  and  caries  of  the  temporal  bone,  have  been 
frequently  observed  to  produce  paralysis  of  the  sense  of  taste 
in  the  anterior  half  of  the  tongue.  Lesions  of  the  facial  nerre 
have  also  been  found  associated  with  gustatory  anaesthesia  in 
the  anterior  half  of  the  tongue  on  the  same  side.  The  lesion 
is  probably  situated  within  the  Fallopian  canal  and  below  the 
geniculate  ganglion.  Cases  are  recorded  where  division  of  the 
facial  immediately  below  the  stylo-maatoid  foramen  was  followed 
by  gustatory  impairment;  but  it  is  probable  that  the  chorda 
tympani  might  also  have  been  injured  in  some  of  these  caaea 
The  influence  of  intracranial  lesion  of  the  facial  nerve  on  the 
sense  of  taste  has  not  been  thoroughly  investigated,  but  Erb 
met  with  a  case  where  the  concomitant  symptoms  pointed  to 
intracranial  lesion  of  the  nerve,  and  where  taste  was  unaffected. 
Our  knowledge  of  central  anajsthesia  of  the  gustatory  sense  is 
very  imperfect.  If  the  areas  of  distribution  of  the  lingual  and 
glosso-pharyngeal  nerves  are  coincidently  rendered  anaesthetic, 
and  if  there  be  also  extensive  muscular  and  cutaneous  antes-  ^ 
thesia,  it  may  be  inferred  that  the  cause  is  a  central  lesioo.  H 
Such  cases  are  generally  met  with  in  hysteria,  and  then  loss  of 
taste  is  frequently  associated  with  hemi-ansesthesia.  Kotbiog 
is  known  of  the  effect  of  disease  of  the  perceptive  centres  oa 
taste.  fl 

Tlie  diagnosis  must  be  made  by  a  careful  objective  investiga-™ 
tion,  according  to  the  methods  previously  described. 

Tlui  prognosis  depends  upon  the  nature  of  the  primary 
disease. 
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The  treatment  mast  be  mainly  directed  to  remove  the  cause 
of  the  disease  but  direct  treatment  may  be  associated  with 
casual  tceatment.  The  best  direct  treatment  is  the  application 
of  firadisation  or  galvanisation,  either  directly  to  the  tongue 
itself,  or  through  the  lingual  nerve,  or  the  current  may  be 
passed  through  the  head,  the  poles  being  applied  over  the 
temples  or  the  mastoid  processes. 
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DISEASES  OF  THE  MOTOR  CRANIAL  NERVES-(OCULAB, 
FACIAL,  AND   HYPOGLOSSAL   NERVES). 

(L)- DISEASES    Oi"    THE    OCULAR    NERVES. 

The  ocular  nerves  are  the  oculo-motorius,  trochlearis,  and 
abduceos;  and  since  they  are  bo  closely  related  to  each  other, 
both  in  their  functions  and  anatomical  distribution,  it  will  be 
convenient  to  form  one  group  of  the  diseases  to  which  they  ate 
liable.  The  subjoined  diagram  will  suffice  to  remind  the  reader 
of  the  course  and  distribution  of  these  nervesi 

Fio.  32. 


Fio.  32  (From  Hermann'a  "  Phyeiolony").     DUtgram  of  tht  Fint  or  Opklkatmit 
IHritUm  of  the    Fifth,  thomoji   alto  the  Third,  Fourth,  and  SiitK  Cramial 

Serves.  

V,  Sfctinory  root  of  fifth  nerre. 
GG,  Gaaaeriui  ganglion  on  larger  root  of  the  fifth  nerre. 
a,  Ophthalnuo  divuion  of  the  fifth  nerve. 

1,  Fruntal  nerve.    2,  Lachrymal  nerve.    S,  Kaaal  nervr. 
LG,  Lachrymal  gland. 

3f.  Infra-trochlear  branch  of  mual  nfriv. 
3',  Long  eiliarf  branches  of  natal  ntrre. 
8",  Branch  of  natal  nerrt  to  ophthalmic  ganglion. 
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§  220.  Miiaclea  of  the  Eyeball. 

The  eyeball  is  moved  by  six  muscles — the  recti  inferior,  witpfrior, 
inttrnfu  and  exlemiu,  aud  the  obliqui  inferior  and  iupcrior.  These 
muscles  may  be  considered  as  three  pairs,  each  pair  rotaliag  the  eye  round 
a  particular  axis.  Each  eye  is  callable  of  rotating  round  an  immobile 
centre  of  rotation,  its  position  being  a  little  behind  the  centre  of  the  globe, 
and  where  the  horizontal  and  vertical  axes  intersect.  The primari/  position 
of  the  eye  is  that  which  may  be  attained  by  looking  at  the  distant  horizon 
with  the  head  vertical  and  the  body  upright.  The  visual  axes  are  then 
parallel  to  one  another,  and  to  the  median  plane  of  the  head.  All  other 
positions  of  the  eye  are  called  tecondary  positioni.  A  vertical  plane 
drawn  through  the  centre  of  rotation  at  right  angles  to  the  primary  viHual 
axis  is  of  importance,  inasmuch  as  every  change  from  the  primary  to  a 
secondary  position  is  brought  about  by  a  rotation  of  the  eye  round  an  axis 
lying  in  this  plane  (Listing).  The  chief  axes  in  this  plane  are  the  trans- 
Terse,  rotation  round  which  causes  the  eye  to  move  up  and  down,  and  the 
vertical,  rotation  round  which  causes  the  eye  to  move  from  side  to  side. 
Rotation  round  other  axes  in  this  plane  causes  oblique  movements. 

The  various  movements  of  the  eyeball  may  be  arranged  as  follows 
(Foster)  :— 

j^  e  (  EleraUmi Bflctna  mpfrior  and  obliqnas  inferior. 

-I  I  Dtpninon. Rectu  Inferior  and  obUquna  nuperior. 

^  I  I  Artdactioa  to  Dual  ltd* R«ctiu  intemaa. 

4  \  Abduction  to  malar  aide R«ataa  axtemoa. 

^  .  Elevation  with  addnction , .  Reottu  auperior  and  interana  with  obliqau  ioftirior. 

^2  1  Dopreuion  with  adduction Reotoa  inferior  and  iutemua  witli  olillqniu  auperior. 

^  £  1  Elevation  with  aUluotion Recttu  auperior  and  extemui  with  obliquua  inferior. 

^  ;g  I  Depieaalon  with  •bdaeUon Reetoa  inferior  and  extamoa  with  ubliqnoa  anparlor. 


§  221.  Spaama  of  the  Ocular  Mueclea. 
Various  forms  of  tonic  and  clonic  spasms  may  occur  in  the 
region  of  distribution  of  the  ocular  motor  nerves.  These 
spasms  may  be  primarily  subdivided  into  those  which  occur  in 
the  levator  palpehns  superioris,  the  muscles  of  the  eyeball, 
and  the  internal  muscles  of  the  eye. 


OG,  Ophthalmic  ganglion. 

6^  Second  diviaion  of  fiflh  cut  acrora.    e,  Third  diviaioD  of  fifth  cut  acroBS. 
HI,  Third  nerve   (motorins  ncnliK 

4,  Upper  diriaion  of   third  nerve. 

5,  Lower  division  of  third  nerve,  near  point  where  it  gives  the  thort  root 

to  the  npbtbalmic  gangliou. 
rV,  Fourth  nerve  (n.  trochlearia). 

7,  Its  fibres  pamng  to  the  tuperior  oblique. 
VI,  Sixth  nerve  (n.  abilucena), 

6,  Ita  fibres  paa«ing  to  txttmal  rtctiu. 
CA,  Carotid  artery. 

E,  Vertical  section  through  anterior  part  of  eyeball ;  conjunctiva  indicated  by 
dotted  line. 
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Thi  levator  palpebrcB  swperioris  is  but  seldom  affected 
by  tonic  spasm  as  an  isolated  affection,  and  hardly  ever  by  ■ 
clonic  spasm.  Tonic  spasm  of  the  levator  of  tbe  upper  lid  ~ 
causes  the  lid  to  be  drawn  upwards,  and  there  is  consequent 
inability  to  close  the  eye,  either  by  voluntary  effort  or  during 
sleep.  The  causes  of  tonic  spasm  of  this  muscle  may  be  either 
direct  peripheral  irritation  as  in  traumatic  and  rheumatic  cases, 
indirect  reflex  irritation  of  the  terminal  branches  of  tlie  fifth, 
or  central  irritation. 

Tonic  spasm  of  the  individual  muscles  of  the  eyehaJH 
may  occur ;  it  is  more  commonly  observed  in  the  internal 
rectus,  and  then  is  usually  associated  with  blepharospasm 
(Galezowski).  Many  cases  of  temporary  strabismus  which 
appear  as  premonitory  symptoms  of  cerebral  disease,  or  in 
consequence  of  the  reflex  irritation  of  teething  in  children, 

Fig.  33. 


I 


Fio.  33  (From  Landoia'  "Physiologie").      Dianram  of    Oie    AttaeJimtnU  of' 
Miucltt  of  the  Kyc,  and  of  their  Axu  of  ftutaiioti,  tlu  latter  bring  rtfirt$nihJ  tf  I 
doU'd  linu—S,  8>,  Tbe  visnal  axis  joining  the  ceatre  of  the  oorniA  and  tlw  I 
fovea  centralia  retina:.    Q,  Qi,  Tbe  tranaveree  axia.    The  vertical  axi*  eaBBot 
be  represented,  being  perpendicular  to  tbe  plane  of  the  paper.     When  Uw 
vertical  axia  passes  through  the  horizontal  axis  i>  ike  eaUrt  if  tvUition, 
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after  fright,  or  other  emotional  disturbances,  are  due  to  spasm 
of  the  internal  rectus.  Spasm  of  the  internal  rectus  gives  rise 
to  homonymous  diplopia,  similar  to  that  which  occurs  in 
pralysis  of  the  sixth  nerve;  but  paralysis  of  the  sixth  causes 
a  fixed  squint,  while  the  power  of  moving  the  eye  outward  is 
lost  or  greatly  impaired.  In  spasm  of  the  internal  rectus,  on 
the  other  hand,  there  is  a  constant  oscillation  between  the  two 
images  which  alternately  approach  aad  recede  from  each  other. 
All  cases  of  spasmodic  strabismus  are  accompanied  by  paroxysms 
of  neuralgia,  which  extend  over  one-half  of  the  bead.  It  is 
often,  also,  associated  with  photophobia  and  lachrymation. 
Tonic  spasm  of  the  internal  rectus  may  be  caused  by  long- 
standing paralysis  of  its  antagonist,  the  external  rectus. 

Tonic  spasm  of  the  external  rectiis  is  rare  as  an  isolated 
affection  ;  but  Galezowski  has  observed  it  alternate  with 
spasm  of  the  internal  rectus  in  a  case  of  locomotor  ataxy. 
Spasm  of  this  muscle  causes  divergent  squint,  and  gives  rise  to 
diplopia  with  crossed  images  ;  but  contrary  to  what  occurs  in 
paralysis,  the  two  images  never  remain  fixed,  but  alternately 
approach  and  recede  from  each  other. 

The  causes  of  spasmodic  strabismus  are  generally  the  same 
as  those  which  give  rise  to  spasm  of  other  muscles.  It  is 
necessary  to  examine  with  care  for  any  source  of  irritation  in 
the  region  of  distribution  of  the  fifth  nerve,  such  as  carious 
teeth.  Exposure  to  cold,  and  especially  exposure  of  one  side  of 
the  face  to  a  cold  current  of  air,  predisposes  to  this  affection. 

Ti'ecUment. — The  treatment  must  be  directed  against  the 
cause  of  the  spasm  whatever  it  may  be,  whether  it  be  reflex,  or 
direct  irritation,  or  of  central  origin. 

H  Nystagmus  consists  of  a  clonic  spasm  of  the  muscles  of  the 
eyeballs,  giving  rise  to  continual  oscillatory  or  rotatory  move- 
ments, which  are  entirely  beyond  the  control  of  the  patient 
The  ocular  tremors  sometimes  consist  of  lateral  oscillatory 
movements,  when  the  external  and  internal  recti  are  mainly 
implicated  ;  while,  at  other  times,  the  movements  are  rotatory, 
and  then  the  oblique  muscles  are  mainly  affected.  When  the 
patient  looks  at  a  remote  object,  the  trembling  becomes  very 
pronounced,  and  the  eyes  become  more  and  more  fixed  in  pro- 
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portion  as  they  are  directed  to  near  or  small  objects.   Nystagmus 
is  always  bilateral  even  when  one  eye  is  completely  blind. 

Etiology. — The  causes  of  nystagmus  are  of  two  kinds,  local 
and  central.  Amongst  the  local  causes  may  be  mentioned 
congenital  defects  of  the  optic  nerves  and  retinje,  pigmentary 
retinitis,  congenital  cataract,  and  corneal  opacities. 

Nystagmus  of  central  origin  appears  to  result,  as  a  rule,  from 
disease  of  one  or  other  of  the  cerebellar  peduncles.    Friedreich 
has  observed  nystagmus  in  certain  cases  of  lucomotor  ataxy, 
and  in  these  it   is   probable   that   the   lesion  of  the  posterior 
columns  had  extended  to  the  restiform  bodies.     This  alTection 
is  often  met  with  in  insular  sclerosis,  and  in  these  cases  the 
diseased  patches  appear  to  be  scattered  about  the  cerebellum 
and  its  peduncles.     Nystagmus  may  also  arise   in  connection 
with  basal  meningitis,  hydrocephalus,  and  other  intracnuiial 
processes.     It  is  often  present  in  albinos,  and  colliers  are  fre- 
quently affected.  j 
Treatment. — In  many  cases  nystagmus  does  not  produce  any  fl 
disturbance   of    vision,   and   consequently   no   interference  ii 
indicated.     In  other  cases  the  disease  is  secondary,  and  the 
treatment  must  be  directed  against  the  primary  affection.     In 
cases  of  hypermetropia,   myopia,  or  astigmatism,  the  use  of 
appropriate  glasses  is  indicated.     If  the  trembling  be  due  to 
spasm,  or  shortening  of  one  or  more  of  the  ocular  muscles^] 
tenotomy  must  be  had  recourse  to.     In  cases  of  more  or  len 
temporary  nystagmus  all  sources  of  irritation,  such  as  carious j 
teeth,  or  diseases  of  remote  organs,  as  the  intestines  and  uteru»,| 
must  be  attended  to. 

The  sphincter  of  tfie  iris,  which    is   innervated  from  th« 
short  root  of  the  ophthalmic  ciliary  ganglion,  may  be  affect 
both  with  clonic  and  tonic  spasms.     The  clonic  form  of  spasm 
of  the  iris  is  called  hipjnut,  and  consists  in  quickly  alternating 
contractions    and    relaxations   of   the    sphincter.      It  is  pro- 
bable that  the  sympathetic  nerve  is  also  implicated  in  the 
disease.     This  condition,  also  called  chorea  of  the  iris,  is  some- 
times manifested  during  the  regressive  period  of  paral^ 
the  third  nerve. 

Tonic  spasm  of  the  sphincter  of  the  iris  gives   rise 
contraction  of  the  pupil,  and  is  called  myosia  spadica.    Il 
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usually  a  symptom  of  initatioa  of  the  oculo-tnotorlus,  either 
ia  its  peripheral  course  or  in  its  connection  with  the  higher 
nerve  centres. 

It  is  consequently  frequently  associated  with  tonic  contraction 
of  one  or  more  of  the  other  muscles  innervated  by  the  third, 
and  especially  with  tonic  spasm  of  the  internal  rectus.  It  is 
not  unfrequent  as  an  isolated  affection  in  those  who  have  to 
make  continuous  efforts  to  see  fine  objects,  and  as  a  symptom  of 
affections  of  the  retina.  It  may  also  be  produced  artificially  by 
various  pharmaceutical  means,  as  opium,  nicotin,  jaborandi, 
calabar  bean,  and  its  alkaloid  eserine.  Myosis  is  often  a  symp- 
tom of  spinal  disease  and  particularly  of  locomotor  ataxy. 
Coutraction  of  the  pupil  may  also  be  due  to  paralysis  of  the 
sympathelic  nerves  of  the  iris. 

Treatment  must  be  directed  to  the  cause  of  the  myosis.  Bella- 
donna or  atropine  may  be  used  to  counteract  the  contraction  of 
the  pupil. 

Tonic  spasm  of  the  ciliary  miiscle  accommodates  vision 
to  near  objects  and  renders  the  patient  myopic.  This  con- 
dition is  usually  associated  with  symptoms  of  irritation  in  the 
region  of  distribution  of  the  oculo-motorius,  especially  %vith 
spastic  myosis.  Spasm  of  accommodation  may  be  artificially 
produced  by  various  pharmaceutical  agents,  such  as  opium, 
calabar  beau,  and  pilocarpin.  Spasm  of  the  ciliary  muscle  is 
rare  as  an  idiopathic  affection ;  but  occurs  sometimes  in  persons 
who  make  great  efforts  to  see  small  objects,  and  Graefe  has  ob- 
served it  as  a  reflex  symptom  of  ophthalmic  and  facial  neuralgia. 
Galezowski  has  observed  it  in  a  case  of  locomotor  ataxy  in  a 
patient  aft'ected  with  myopia. 

Treatment  must  be  directed  to  the  cause  of  the  affection. 
Atropine,  by  paralysing  the  accommodation,  is  very  useful,  and 
concave  glasses  may  be  worn  so  &s  to  correct  the  temporary 
condition  of  myopia. 


§  222.  Paralysis  of  ike  Ocular  Muscles. 
General  Remarks. — PanUysea  of  the  ocular  muscles  are  not 
only  of  frequent  occurrence,  but  they  form  most  important 
symptoms  in  different  cerebral  and  spinal  diseases ;  hence,  it  is 
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very  desirable  that  their  presence  should  be  detected  and  their 
varieties  accurately  determined. 

Gen&iul  Etiology. — Paralysis  of  one  or  more  of  the 
muscles  occurs  sometimes  from  exposure  to  cold,  and  is  the] 
supposed  to  be  of  rhewmcUio  origin.    The  abducens  and  ocul< 
mo  tori  us  are  the  nerves  most  usually  affected,  and  the  paralysl 
is  often  limited  to  a  few  of  their  branches.    The  trochlear  m 
is  seldom  affected. 

The  next  most  common  causes  of  paralyses  of  these  nei 
are  blows  on  the  eyes,  penetrating  wounds  of  the  orbit,  an 
fractures  of  the  skull.     Another  important  cause  is  mechani 
compression  of  the  ocular  nerves,  either  in  the  orbit  or  in  the 
course  along  the  base  of  the  skull.     Compression  is  produo 
by  new  formations,  aneurisms,  extravasations  of  blood,  syphilitu 
affections,  and  basal  meningitis.     Neuritis  arising  either  idio'l 
pathically,   or  in  consequence    of  injury,   also  gives   rise   to! 
p.'\ralysis.     Paralysis  of  some  of  the  ocular  muscles  is  associated 
with  bulbar  paralysis  and  is  frequently  met  with  io  locomotor 
ataxy. 

Sifphilis  is  a  frequent  cause  of  paralysis  of  the  ocular  muscle*, 
and  one  of  the  most  common  nervous  symptoms  which  occur 
in  the  later  stages  of  this  disease  is  paralysis  of  some  of  these 
muscles.  Various  anatomical  changes  may  be  the  cause  of  the 
paralysis,  as  periostitis  and  exostoses  of  the  orbit  or  base  of  tfai 
skull,  or  gummata  at  various  points  in  the  course  of  the  nerv 
or  in  the  brain. 

Diphtherilia  is  also  a  frequent  cause  of  paralysis  of  certain 
branches  of  the  oculo-motorius.  Ocular  paralysis  may  also  occur 
after  other  acute  diseases,  or  exposure  of  the  eye  to  strong 
impressions  of  light,  excessive  smoking,  alcoholic  abuse,  and 
similar  irregularities. 
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§  223.  OenercU  Symptoma. 
Diplopia. — If,  when  the  visual  axis  of  one  eye  is  directed  to 
an  object  desired  to  be  seen,  the  direction  of  the  other  deviate* 
to  some  extent  from  that  object,  the  image  in  the  distorted  eye 
falls  on  an  eccentric  portion  of  the  retina,  and  two  objects  instead 
of  one  arc  seen.  The  image  seen  by  the  healthy  eye  forms  on 
the  macula,  and  consequently  it  is  very  distinct ;  while 
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image  seen  by  the  distorted  eje  forms  upoa  a  more  or  less 
peripheric  region  of  the  retina,  and  is  consequently  faint  and 
more  or  less  confused ;  the  former  is  therefore  called  the  trtie, 
and  the  latter  the  false,  image  This  symptom  is  common  to  all 
forms  of  paralyses  of  the  ocular  muscles,  and  is  called  binocvdar 
diplopia.  The  more  completely  the  muscle  is  paralysed  the 
greater  is  the  angle  of  deviation,  and  the  more  marked  does  the 
diplopia  become. 

HeiUraliaation  of  the  False  Image. — When  the  paralysis  is  of 
old  date  the  patient  learns  to  perceive  objects  only  with  the 
healthy  eye,  and  the  diplopia  disappears ;  whilst  the  distorted 
eye,  from  long-continued  disuse,  suffers  consecutive  amblyopia 
The  diplopia,  however,  mfiy  be  made  to  reappear  by  placing  a 
coloured  glass  before  the  healthy  eye,  which  differentiates  the 
true  image  and  permits  that  of  the  distorted  eye  to  be  per- 
ceived. 

RelatioTis  of  the  Images  to  one  another. — When  one  of 
the  images  is  coloured,  that  of  each  eye  is  readily  recognised. 
Assuming  the  left  eye  to  be  affected,  the  false  image  is  dis- 
laced  horizontally  to  the  patient's  right  in  outward  squint 
(Fig.  34, 1),  horizontally  to  the  patient's  left  in  inward  squint 
{Fig.  34,  2) ;  while  the  false  is  above  the  true  image  {Fig.  34, 
3  and  4)  in  downward,  and  below  it  in  upward  squint  {Fig.  34, 
5  and  6).  It  will  thus  be  seen  that  the  false  image  assumes  an 
opposite  position  to  the  distortion  of  the  eye.  In  outward  or 
inward  squint  the  images  are  vertical  and  parallel  with  one 
another,  but  in  all  other  forms  of  distortion  the  globe  becomes 
rotated  on  its  oblique  axis  by  the  unantagonised  action  of  one 
or  other  of  the  obliqui  muscles,  and  the  false  assumes  an  oblique 
position  with  reference  to  the  true  image,  or,  in  other  words, 
the  false  image  is  tilted  {Fig.  34,  3,  4,  5,  and  6).  The  false 
image  is  tilted  in  the  opposite  direction  to  the  rotation  of  the 
eye.  When,  for  instance,  the  superior  oblique  of  the  left  eye 
is  paralysed,  the  upper  margin  of  the  globe  is  rotated  outwards 
to  the  left  by  the  unantagenised  action  of  the  inferior  oblique 
muscle,  and  the  upper  end  of  the  false  image  is  tilted  to  the 
patient's  right  {Fig.  34,  6). 

The  distance  between  the  images  becomes  greater  as  the  object 
is  moved  in  the  direction  of  the  action  of  the  paralysed  muscles. 
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Vertigo. — Diplopia  causes  considerable  embarrassment  to  the 
patient  while  walking.  On  ascending  a  stair,  for  instance,  he 
sees  two,  and  not  knowing  upon  which  to  place  his  foot  becomes 
confused  and  stumblea  Perception  of  distance  is  defective,  so 
the  patients  become  confused  on  endeavouring  to  grasp  objects. 
This  constant  confusion  causes  great  fatigue,  vertigo,  and  some- 
times vomiting.  These  Bymptoms  disappear  in  great  part  whea 
the  distorted  eye  is  closed. 

Compensatory  Attitudes. — The  patient  instinctively  neu- 
tralises the  perception  of  double  images  by  placing  the  head  in 
such  an  attitude  that  the  paralysed  muscle  does  not  require  to 
act  The  attitude  as.sumed  by  the  head  is  necessarily  different 
for  each  muscle  paralysed. 

Secondary  Deviation  of  tlijc  Sound  Eye. — This  condition  baa 
already  been  described  (§  91). 

False  Frojection. — When  a  person  looks  at  an  object  with 
one  eye  only,  a  judgment  of  its  position  in  space  is  formed 
by  the  sense  of  effort  made  to  fix  the  object.  If  a  patient 
with  paralysis  of  the  external  rectus  of  the  left  eye  be  asked 
to  touch  an  object  coming  before  him  from  the  left  or  para- 
lysed side,  he  misses  it  by  carrying  his  finger  too  far  to  the 
left,  or  to  the  side  of  the  object  corresponding  to  that  of  the 
paralysed  muscle.  The  diflSculty  of  immediately  recognising  the 
position  of  objects  in  space,  called  false  projection,  is  caused  by 
the  fact  that  it  is  necessary  to  make  an  increased  effort  with  the 
affected  eye,  so  that  the  amount  of  rotation  is  over  estimated  ; 
hence  an  erroneous  judgment  of  the  position  of  the  body  in 
space  is  formed. 

Secondary  contraction  of  the  antcu/onistic  Tnuacles  often 
occurs,  which  increases  the  extent  of  the  deviation,  and  aug 
ments  tbe  distance  of  the  double  images  from  one  another. 
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PARALYSIS  OF  PARTICULAR  OCULAR  MUSCLES. 

§  224.  Complete  jmralysis  of  the  oeulo-nwlorivLS  gives  rise 
to  drooping  of  the  upper  eyelid,  or  ptosis,  the  eyeball  is  drawn 
downwards  and  outwards  by  tbe  action  of  the  external  rectus 
and  superior  oblique  constituting  divergent  strabismus,  dilata- 
tion and  immobility  of  the  pupil,  and  impairment  of  the  power 
of  accommodation.     Every  effort   to  move   the  eye   in  any 
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direction  causes  it  to  rotate  downwards  and  outwards,  and  it 
graduatlj  becomes  fixed  in  this  position  by  the  secondary 
contraction  of  the  external  rectus  and  superior  oblique.  Double 
images  appear  almost  over  the  whole  field  of  vision,  and  fixa- 
tion is  only  possible  in  a  downward  and  outward  direction. 
Secondary  deviations  of  the  healthy  eye  take  place  in  all 
directions  except  in  that  towards  the  afi'ected  eye.  Almost  all 
the  recti  being  paralysed,  the  eye  is  frequently  protruded, 
giving  rise  to  the  appearance  called  exophtlialmos  paralyticvis. 
False  projection  of  the  field  of  vision  occurs  in  every  direc- 
tion towards  which  futile  eflforts  at  fixation  are  made.  The 
false  image  is  to  the  patient's  right  when  the  left  eye  is  affected, 
and  when  the  object  is  in  the  horizontal  position,  the  two  images 
are  on  a  level ;  but  the  false  appears  below  the  true  image  when 
the  object  is  below,  and  above  it  when  the  object  is  above  the 
horizontal  line.  The  head  is  turned  backwards  and  towards 
the  healthy  side,  in  a  very  oblique  positioa 

§  225.  Incomplete  parahjsia  of  Oat  oculo-motoriua  may 
affect  one  or  several  muscle?. 

(1)  Paralysis  of  the  levator  palpebrce  superioria,  or  ptoaia, 
may  occur  as  a  separate  affection,  the  result  of  injury,  or 
spontaneously,  but  it  is  usually  associated  with  paralysis  of  the 
superior  rectus,  which  is  also  supplied  by  the  superior  branch 
of  the  oculo-motor  nerve.  The  upper  lid  hangs  motionless, 
the  fissure  of  the  lid  is  greatly  narrowed,  and  when  the  eye  is 
directed  upwards  the  lid  is  not  raised,  and  the  horizontal 
fissures  of  the  upper  lid  are  effaced. 

(2)  Paralysis  of  the  superior  rectus  gives  rise  to  distortion, 
which  is  called  stnihiamus  deorsum  vergens.  The  visual  axis 
of  the  affected  eye  is  directed  more  downwards  than  that  of 
the  sound  eye,  and  the  cornea  also  diverges  a  little  outwards 
from  the  unopposed  action  of  the  inferior  oblique.  The  false 
is  seen  above  the  true  image,  the  vertical  distance  between  the 
images  increases  according  as  the  eyes  are  directed  upwards 
and  outwards,  and  the  false  image  is  tilted  to  the  patient's  right 
when  the  left  eye  is  affected (/"tgr. 34, 3);  and,  provided  there  be  no 
contraction  of  the  inferior  rectus,  it  disappears  at  the  horizontal 
line.      When  the  eyes  are  directed  downwards,  objects  are  seen 
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single,  and  the  head  is  thrown  back  so  as  to  counteract  the 
paralysis. 

(3)  Paralysis  of  the  internal  rectus  gives  rise  to  strabumua 
divergeTis.  The  power  of  rotating  the  eye  inwards  is  impaired 
or  lost,  and  when  the  paralysis  is  complete  the  eye  cannot  be 
moved  beyond  the  median  line,  and  the  axis  of  vision  in 
inclined  outwards.  The  images  are  on  the  same  plane,  vertical 
and  parallel,  the  false  one  is  to  the  patient's  right  when  the 
left  eye  is  affected  {Fig.  Si,  1),  and  the  lateral  distance  between 
the  images  increases  with  the  movement  of  the  object  towards 
the  sound  side.  There  is  secondary  deviation  of  the  sound  eye 
outwards,  and  in  fixing  an  object  the  head  is  turned  towards  the 
healthy  side, 

(4)  Paralyaie  of  the  inferior  rectus  causes  squint,  which  is 

Fio.  34. 
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Fm.  94  (after  Briatowe).— In  the  kbove  dukgnin  the  thick  croa  rspreMiita  tht 
tnu  imnot,  the  thia  croaa  the  falte  image.  The  left  e^e  il  mppoied  to  b* 
■Seotol  tn  kll  uf  them. 
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called  strahismv^  aurstim  vergena.  The  symptoms  are  exactly 
the  inverse  of  those  caused  by  paralysis  of  the  superior  rectus. 
The  affected  eye  is  directed  upwards,  and  slightly  outwards. 
The  false  is  below  the  true  image,  and  tilted  to  the  patient's 
left  when  the  left  eye  is  affected  (Fig.  34,  5).  Diplopia  only 
occurs  when  the  eye  is  directed  downwards,  and  double  vision  is 
troublesome  whenever  the  line  of  vision  is  lowered,  as  iu  walking 
and  in  all  kinds  of  handiwork.  When  objects  are  held  above 
the  horizontal  line  the  patient  can  see  distinctly. 

(5)  Paralysis  of  the  inferior  ohliqiie  is  rare  as  an  isolated 
affection ;  and  when  it  is  associated  with  general  paralysis  of 
the  third  nerve  its  diagnosis  is  almost  impossible.  The  affected 
eye  is  turned  slightly  downwards  and  inwards,  double  images 
•re  observed  when  the  eyes  are  directed  above  the  horizontal 
line,  the  false  is  above  the  true  image,  and  tilted  to  the 
patient's  left  when  the  left  eye  is  affected  (Fig.  34,  i).  The 
double  images  are  scarcely  perceptible  in  the  horizontal 
line,  and  disappear  when  the  eyes  are  directed  downwards. 
According  as  the  object  is  carried  upwards  and  outwards  the 
images  become  more  and  more  separated,  both  vertically  and 
laterally,  and  the  tilting  of  the  false  image  becomes  more  pro- 
nounced. On  fixation  in  the  median  plane  there  is  a  false 
projection  of  the  field  of  vision  upwards  and  slightly  outwards, 
and  the  head  is  thrown  backwards,  and  the  chin  turned  a  little 
towards  the  healthy  side,  so  that  the  lower  and  outer  segment  of 
the  field  of  vision  is  chiefiy  brought  into  use.  Ptosis  and  mydriasis 
frequently  co-exist  with  paralysis  of  the  inferior  oblique. 

(6)  Paralysis  of  the  Sphincter  Iridie  f  Mydriasis  Paralytica  ). 
The  pupil  is  in  a  medium  state  of  dilatation,  but  it  may  be  still 
further  dilated  with  atropine.  It  is  nearly  or  completely 
motionless  when  exposed  to  light,  and  does  not  contract  when 
the  eyes  are  strongly  converged,  or  when  efforts  at  accommoda- 
tion are  made.  Vision  is  indistinct  in  consequence  of  circles 
of  dispersion,  bright  light  is  disagreeable,  and  the  power  of 
accommodation  is  often,  though  not  always,  diminished. 

(7)  Paralysis  of  the  Cll  iary  Muscle  (Cy  cloplegia). — This  affec- 
tion is  often  complicated  with  mydriasis,  though  it  may  occur  as 
an  independent  affection.  The  patient,  if  not  myopic,  is  unable  to 
fucus  small  objects,  or  read  small  print;  and  he  forms  an  incorrect 
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estimate  of  the  size  and  distance  of  small  objects.  This  afiectioB'' 
is  very  common  in  diphtheritic  paralysis,  and  it  may  also  accom- 
pany any  other  paralysis  of  the  third  nerve.  In  the  latter 
paralysis  the  circular  fibres  of  the  iris  are  paralysed,  and  the 
dilators  intact.  It  may  result  from  disease  in  the  short  root  of 
the  ciliary  ganglion,  or  in  the  trunk  of  the  third  nerve,  or  in 
the  brain  itself. 

(8)  Paralyticmyosisia  the  condition  of  contraction  of  the  pupil 
which  occurs  when  the  radiating  fibres  are  paralysed,  the  circular 
ones  remaining  intact.  It  results  from  disease  of  the  sympa- 
thetic root  of  the  lenticular  ganglion,  or  of  the  trunk  of  the 
sympathetic  in  the  neck,  or  from  disease  or  injury  of  the  cilio- 
Bpinal  region  of  the  spinal  cord. 

(9)  Iridoplegia  is  a  term  used  to  indicate  total  paralysis  of  the 
iris,  both  of  its  circular  and  radiating  fibres.  It  is  proViably 
due  to  disease  of  the  lenticular  ganglion,  and  is  then  generally 
combined  with  cycloplegia  (Hutchinson). 

(10)  OpktIialmopUgia  interna  is  a  name  introduced  by  Mr. 
Hutchinson  to  indicate  paralysis  of  all  the  mu.sclea  within  the 
eyeball,  these  being  the  circular  fibres  and  the  dilators  of  the 
iris,  and  the  ciliary  muscle.  This  affectioa  is  probably  due,  as 
Mr.  Hutchinson  has  pointed  out,  to  disease  of  the  lenticular 
ganglion.  Of  the  eight  cases  communicated  by  Mr.  Hutchinson, 
both  eyes  were  aflfected  in  five.  In  three  of  the  eight  cases 
there  was  no  history  of  syphilis ;  but  the  disease  is  generally 
of  syphilitic  origin. 

(11)  Tlie  Argyll-Robertson  symptom  consists  in  the  absence 
of  any  contraction  of  the  pupil  on  exposure  of  the  eye  to  light, 
while  movement  with  accommodation  is  normally  retained. 
This  symptom  appears  to  be  due  to  interruption  of  the  reflex 
arc  between  the  retina  and  the  iris,  and  is  consequently  an** 
logons  to  the  absence  of  the  patellar  tendon  reflex ;  both  phe- 
nomena being  generally  observed  in  locomotor  ataxia  (Grainger 
Stewart,  Wernicke,  Hempel). 

§  226.  Paralysis  of  the  Trocldear  Nerve. — The  fourth  or 
trochlear  nerve  supplies  the  superior  oblique  muscle,  and  it  may 
be  paralysed  separately,  especially  in  syphilis,  or  in  connection 
with  paralysis  of  the  sixth  nerve.     Double  images  appear  when 
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llie  eyes  are  directed  downwards,  and  tbey  become  more  and 
more  separated  both  vertically  and  laterally,  according  as  the 
object  is  carried  downwards  and  outwards,  while  they  become 
more  closely  approximated  as  the  object  is  moved  upwards.  The 
double  images  are  vertically  superimposed,  the  false  image  being 
the  lower  of  the  two,  and  tilted  to  the  patient's  right  when  the  left 
eye  is  affected  (Fig.  34,  6).  The  image  of  the  affected  eye  appears 
more  remote  than  that  of  the  liealthy  one.  The  secondary 
deviation  is  usually  directed  straight  downward?.  There  is  false 
projection  of  the  field  of  vision  downwards  and  a  little  outwards, 
and  the  head  is  inclined  forwards  and  turned  towards  the 
healthy  side.     The  feeling  of  giddiness  is  often  well  marked. 

When  antagonistic  shortening  of  the  inferior  oblique  exists, 
the  deviation  and  diplopia  extend  more  and  more  into  the 
upper  half  of  the  field  of  vision. 

§  227.  Paralysis  of  the  abducens  nerve  c&vLBes  strabismus  con- 
vergena.  Tae  external  rectus  alone  is  paralysed  in  this  affection. 
If  the  paralysis  is  complete,  the  eye  cannot  be  rotated  outwards 
beyond  the  middle  line.  Double  images  are  seen  when  the 
eyes  are  turned  in  the  horizontal  line  and  to  the  paralysed  side, 
the  distance  between  them  increases  according  as  the  object 
is  moved  to  that  side,  the  images  are  vertical,  and  the  false 
one  is  to  the  left  of  the  patient  when  the  left  eye  is  affected 
{Fig.  34,  2).  Secondary  deviation  occurs  towards  the  inner  side, 
there  is  false  projection  of  the  field  of  vision  towards  the  outer 
'side,  and  the  head  is  turned  towards  the  affected  side.  The 
feeling  of  giddiness  is  severe,  and  may  be  accompanied  by 
nausea  and  vomiting.  Paralysis  of  the  sixth  nerve  may  occur 
as  an  isolated  affection  when  due  to  rheumatism.  It  is  sometimes 
bilateral  in  tabes  dor.salis,  or  after  acute  cerebral  meningitis. 

Course  ami  Duration. — Paralysis  of  one  or  more  of  the 
ocular  muscles  sometimes  supervenes  suddenly,  appearing  in  the 
course  of  a  night,  as  in  the  rheumatic  and  apoplectic  varieties.  At 
other  times  it  develops  more  slowly  and  gradually,  as  in  syphilis, 
neuritis,  and  chronic  disease  of  the  central  nervous  system. 
When  the  paralysis  has  reached  a  certain  degree  or  become 
complete,  the  symptoms  may  remain  stationary  for  a  variable 
period ;  but  after  a  time  secondary  contractures  occur  which 
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render  the  symptoms  more  marked,  and  may  considerably  ret 
or  prevent  complete  recovery. 

The  duration  of  paralysis  of  the  ocular  muscles  is  very  vari- 
able. Rheumatic  paralyses  rarely  last  beyond  a  few  weeks. 
Syphilitic  paralyses  may  last  for  months  or  years  and  yet 
recover,  and  the  same  is  true  of  many  central  paralyses.  Maay 
cases  are  of  course  quite  incurable. 


§  228.  Diagnoaia. — ^In  complicated  cases,  where  several  muscles 
of  one  or  both  eyes  are  affected,  the  diagnosis  becomes  difficult, 
and  the  reader  must  be  referred  to  special  treatises. 

The  nature  of  the  primary  lesion  must  be  determined  by  a 
thorough  investigation  of  all  the  circumstances  of  the  case.  In 
obscure  cases  care  should  be  taken  to  examine  closely  for  any 
trace  of  syphilis ;  while  the  connection  between  tabes  dorsal^ 
and  ocular  paralysis  should  not  be  forgotten. 

With  respect  to  the  locality  of  the  lesion,  it  must  first  lie 
determined  whether  the  paralysis  is  of  centric  or  peripheral 
origiD.  In  many  cases  ocular  paralysis  is  accompanied  by 
cerebral  symptoms,  as  vertigo,  sensory  affections,  hemiplegia, 
double  optic  neuritis,  or  by  spinal  symptoms,  as  ataxia ;  while 
at  other  times  symptoms  of  some  disease  in  the  orbit  or  at  the 
base  of  the  cranium  are  present,  and  in  all  these  cases  it  be- 
comes comparatively  easy  to  localise  the  lesion.  The  electrical 
test  is  not  of  much  value  in  ocular  paralysis,  since  it  is  impossible 
to  stimulate  the  nerves  and  muscles  without  danger.  The 
paralysis  is  often  more  complete  when  the  lesion  is  peripheral 
than  when  it  is  central.  The  existence  of  symptoms  resulting 
from  implication  of  other  nerves,  and  the  history  of  the  case, 
afford  valuable  aid  in  determining  whether  a  peripheral  leaioo 
is  situated  at  the  base  of  the  brain  or  in  the  orbit.  ^^i 

§  229.  Prognosis. — The  prognosis  greatly  depends  upon  t^^^^ 
cause  of  the  affection.  It  is  favourable  in  rheumatic  cases,  and 
even  traumatic  cases  often  recover.  The  prognosis  is  doubtful 
in  syphilis,  since  many  cases  do  not  yield  to  treatment  The 
prognosis  is  good  in  the  early  stages  of  tabes  dorsalis,  since 
this  symptom  frequently  disappears  spontaneously,  although 
it  may  recur.     In  central  affections  generally  the  prognosis 
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18  grave.     When   galvanic  treatment  is   followed   by  prompt 
improvement  the  prognosis  is  favourable. 

§  230.  Treatment. — The  cause  of  the  paralysis  must  first  be 
ascertained,  and  if  possible  removed,  and  more  especially  in 
cases  of  rheumatic  or  syphilitic  origin.  Electricity  is  the  most 
important  of  the  direct  remedies,  and  the  galvanic  is  preferable 
to  the  faradic  current 
H  Method  of  Oalvanisation. — ^The  stabile  application  of  the 
current  should  be  made  transversely  through  the  temples  or 
through  the  ma.stoid  processes,  and  also  longitudinally  from 
the  eye  to  the  neck.  Galvanisation  of  the  sympathetic  appears 
to  be  of  use  at  times.  In  order  to  act  directly  on  the 
paralysed  muscles  the  anode  may  be  applied  to  the  neck,  and 
the  cathode  should  glide  over  the  closed  eyelids,  especially 
over  those  points  which  correspond  to  the  paralysed  muscles. 
The  currents  used  should  not  be  stronger  than  may  be  suflB- 
cient  to  produce  distinct  contractions  of  the  facial  muscles 
when  the  face  is  stroked  with  the  cathode.  The  application 
should  not  exceed  two  or  three  minutes,  and  care  should  be 
taken  to  avoid  interruptions  and  reversals.  In  favourable  cases 
^improvement  begins  very  soon  under  galvanic  treatment, 
although  in  some  cases  the  treatment  must  be  pursued  many 
months  before  improvement  occurs. 

Methods  of  Faradisation. — Direct  faradic  stimulation  in  the 
▼icinity  of  the  attachments  of  the  affected  muscles  may  be 
adopted  either  by  means  of  a  small  sponge  electrode  applied  to 
the  closed  lids,  or  by  means  of  a  fine  brush  acting  as  an 
electrode  and  applied  to  the  conjunctiva.  Weak  currents  must 
be  used,  and  for  a  short  time  only. 

Of  other  remedies  iodide  of  potassium  is  the  most  generally 
useful,  since  many  cases  of  unknown  origin,  but  which  are  not 
necessarily  syphilitic,  improve  under  its  administration.  Sub- 
cutaneous injection  of  strychnia  has  been  found  useful,  and 
calabar  bean  may  be  employed  in  cases  of  mydriasis. 

Gymnastics  for  the  ocular  muscles  has  been  found  of  use  in 
the  slighter  forms  of  the  affectioa  These  consist  in  exercising 
the  enfeebled  muscles  by  forced  lateral  movements,  and  by 
stereoscopic  exercises  with  the  view  of  suppressing  the  second 
image. 
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The  fusiou  of  the  double  images  may  be  greatly  aided  by 
means  of  prisms.  A  pair  of  spectacles  with  one  dull  glass  for 
the  affected  eye  acts  as  a  palliative  remedy  for  the  discomfort 
arising  from  the  double  images.  If  the  affection  resists  all 
ordinary  treatment,  the  propriety  of  resorting  to  operative  pro- 
cedure must  be  determined  by  the  ophthalmic  surgeon. 

§  231.  Progressive  Paralysis  of  the  Ocular  Muaclea. 

OpfdhalmopUgia  Progressiva  seu  Externa. — It  has  long 
been  known  that  all,  or  almost  all,  of  the  ocular  muscles  on 
one  or  on  both  sides  may  become  simultaneously  affected  with 
paralysis ;  but  attention  has  been  drawn  by  V.  Graefe  and 
others  to  a  special  form  of  this  affection,  which  has  been  called 
progressive  paralysis  of  the  ocular  muscles,  an  affection  which 
runs  a  course  parallel  with  progressive  paralysis  of  the  tongue 
and  soft  palate.  This  affection  has  also  been  carefully  studied 
by  Mr.  Jonathan  Hutchinson.*  The  causes  of  the  affection 
appear  to  be  sometimes  of  a  rheumatic  nature;  but  probably 
a  large  proportion  of  the  recorded  cases  were  of  syphilitic 
origin. 

Symptoms. — Drooping  of  the  eyelids,  giving  to  the  face  a 
sleepy  expression,  is  usually  the  first  symptom ;  but  all  the 
muscles  attached  to  the  eyeball  become  gradually  involved  in 
the  disease,  and  the  movenaents  of  the  globes  become  much 
restricted,  or  even  wholly  lost  The  condition  is  asualiy 
bilateral,  but  the  nerves  are  not  always  affected  simultaneously, 
nor  to  the  same  degree,  so  that  every  variety  of  combination  of 
paralysis  of  the  ocular  muscles  may  be  observed. 

The  affection  is  often  associated  with  paroxysms  of  lancinating 
pains  in  the  head,  dizziness,  and  febrile  symptoms;  while 
blindness,  with  white  atrophy  of  the  optic  nerves  was  present 
in  one-third  of  the  cases  observed  by  Mr.  Jonathan  Hutchinson. 
The  trigeminal  and  facial  nerves  occasionally  participate  in  the 
paralysis,  although  implication  of  the  facial  nerves  is  very 
rare.  The  affection  is  sometimes  accompanied  by  feebleness 
of  the  lower  extremities,  neuralgic  pains,  and  other  symptoms 
of  locomotor  ataxy. 
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Morbid  Anatomy. — In  one  of  the  cases  recorded  by  Mr.  J. 
Hutchinson,  Dr.  Gowers  found  degeneration  of  the  roots  of  the 
ocular  nerves,  and  disappearance  of  the  cells  from  their  centre 
of  origin.  The  changes  observed  resembled  those  found  in 
progressive  muscular  atrophy,  and,  indeed,  the  two  affections 
are  closely  allied  clinically.  Ophthalmoplegia  externa  is  at 
times  a  part  of  progressive  locomotor  ataxy  (Hutchinson). 

Prognosis. — The  prognosis  is  much  the  same  as  in  aS'ections 
of  otiier  nerves,  and,  on  the  whole,  it  is  not  unfavourable. 

Treatment. — The  treatment  is  the  same  as  when  these 
nerves  are  separately  affected.  If  any  trace  of  syphilis  be 
detected,  iodide  of  potassium  must  be  administered,  and  this 
drug  is  useful  in  other  cases,  as,  for  example,  when  the  disease 
is  the  result  of  basal  rheumatic  periostitis,  or  chronic 
meningitis. 

(n.)-DISEASES  OF  THE  FACIAL  NERVE. 

The  facial  nerve  is  the  motor  nerve  of  the  face.  It  is  dis- 
tributed to  most  of  the  muscles  of  the  ear  and  to  the  muscles  of 
the  scalp,  to  those  of  the  mouth,  nose,  and  eyelids,  and  to  the 
cutaneous  muscles  of  the  neck.  The  annexed  diagrams  will 
remind  the  reader  of  the  course  and  distribution  of  the  facial 
nerve,  and  the  muscles  to  which  it  is  supplied,  without  detailed 
description. 

§  232.  Spasm  in  the  Area  of  Distribution  of  tlie  Facial  Nerve. 

Histrionic  Spasm  of  the   Face.     Mimic    Convulsion. 

Convulsive  Tic. 

Spasmodic  action  of   the  facial   muscles   occurs  in   various 

diseases  of  the  nervous  system,  as  epilepsy  and  tetanus ;  but 

the  disease  under  consideration  at  present  is  a  local  affection 

confined  to  the  muscles  supplied  by  one  of  the  seventh  pair  of 

nerves,  or  by  one  of   its  branches.     The  disease  sometimes 

arises  in  the  absence  of  any  recognisable  cause.     Occasionally 

it  appears  to  be  inherited.     Rosenthal  mentions  the  case  of  a 

family  where  a  mother,  her  son,  sister,  and  two  other  relations, 

were    affected   with  a  more  or  less  degree   of   facial    spasm. 

The  affection  often  results  from  emotional  disturbances.     In  the 

case  of  a  lady  known  to  me,  the  spasm  began  in  consequence 
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of  a  long  and  anxious  nursing  of  a  sick  relative  ;  but  it  is 
possible  that  general  exbaustion  and  exposure  to  a  draught  of 
cold  air  had  concurred  to  cause  the  disease  in  this  ca8& 
Romberg  mentions  an  instance  in  which  the  disease  affected  a 
female  in  consequence  of  the  shock  caused  by  the  sudden  death 
of  her  husband. 


FlO.  85  (From  Hennuin'i  "  PhyBinlogy").    Diagram  of  (Ac  Faeiat  Iffrn,  ill  am- 
ntctioni  arid  brancha. 


A,  Auditory  nerre. 
nerve   oonnecting   the   facial 


tad 


F,  The  facial  nerve. 

1 ,  The  genicnlate  gknglion . 

gtp.   Great  aupei^cial   petrosal 

Meckel'a  ganglion. 
up,  Small  fiaperficial  petrosal  nerve  connectine  the  facial  with  the  Otie 

ganglion  and  with  the  tympanic  branch  of  the  ^loseo-pharTngcaL 
ap,  External  miperficial  petroeal  oonnecUog  the  facial  with  the  puaiu 

on  the  middle  iiiuuinKt'al  arterj-. 

2,  Chorda  tyinpani.  joining;  lingual  nerve. 

3,  Nerve  to  sta|)ediua  muscle. 

4,  Communicatiuf;  branch  with  the  Qanglion  of  the  root  of  the  ragiw. 

5,  Poeterior  auricular  nerve. 

6,  Branch  to  the  stvlo-hyoid  and  digaatric  mnadea. 
TF.  TemfK>ro.faoial  divuion   1    j  ,       ,  expreaaloii. 
CF,  Cervico-facial  divuion    f        "ju^'c"  ".  i^.i.™-!  i^ 

V,  Fifth  nerve,     at,  Auriculo-temporal  branch. 

id.  Inferior  dental  nerve.  (,  Lingual  nerve. 

M6,  Meckel's  ganglion, 
06,  Otic  ganglion. 
SG,  Rubmaxillary  ganglion. 
IM,  Internal  maxillary  artery. 
MM,  Middle  meningeal  artery. 
P.  Pneomogaatric  nerve. 
GP,  Glosso-pharyngeal  nerve. 

t,   Its  tympanic  branch  inerve  of  Jaoobson). 
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The  disease  is  often  caused  either  by  direct  or  reflex  irritation  of 
the  facial  nerve.  The  direct  causes  are  the  same  generally  as  those 
which  cause  facial  paralysis,  such  as  exposure  to  cold,  tumour  at 
the  base  of  the  brain  (Schuh),  inflamed  gland  in  the  vicinity  of  the 
Btylo-mastoid  foramen  (Romberg),  abscess  of  the  parotid  gland 
(Debrou),  caries  of  the  petrous  portion  of  the  temporal  bone 
(Oppolzer),  and  otitis  (Rosenthal,  Remak).  The  reflex  irrita- 
tion generally  takes  place  through  the  trigeminus;  the  most 
usual  sources  of  irritation  being  trigeminal  neuralgia,  carious 
teeth,  irritation  of  the  eyeball  and  of  the  conjunctiva.  The 
source  of  the  irritation  is  sometimes  remote.  Remak  relates 
a  case  of  spasmodic  actions  of  the  muscles  of  the  hand  and 
arm  extending  to  the  muscles  of  the  neck  and  face  of  the  same 
side,  which  was  caused  by  neuritis  of  the  cervico-brachialis, 
with  knotty  points  in  the  course  of  the  nerve.     The  disease 

Tin.  3R. 


FlO.  36  (From  Heath's  "  Anatomy"),  ifiucla  of  tht  Bead  and  Fare.—l,  Frontal 
portion  of  the  occipito-frontalid.  2,  Ita  occipital  portion.  3,  It**  nponeiirotii. 
4,  Orbiculariii  pal[>ehr&ruui,  which  coucooln  the  corrngktor  atipercilii  and  teiuor 
tani.  6,  Pyramidaliii  nati.  6,  Compressor  ilaria.  7,  (^rbicularii  ori«.  8, 
Levator  labii  auperiorin  aliequo  nasi ;  the  adjoiain?  faaciculua  between  nom- 
ben  8  and  9  i»  the  labial  portion  of  tho  miiscle.     i<.  Levator  lubii  superiorii 

?>r(]prtiu ;  the  lower  part  of  the  levator  aneiili  oris  in  seen  between  the  mnaolei 
0  and  11.  10,  Zygomaticus  minor.  11,  Zygoinaticus  major.  12,  Deprewor 
labii  inferiori».  13,  Depreaaor  anguli  oria.  14,  Levator  labii  inferioria.  15, 
Superficial  portion  of  the  maaaeter.  IG,  Fart  of  its  deep  portion.  17,  Attrahena 
aurem.  13,  Buccinator.  19,  AttoUena  aurem.  20,  Temporal  fascia  covering 
the  temporal  muscle.  21,  Ketrahens  aurem.  22,  Anterior  belly  of  the  digas- 
tricns.  23,  -Stylo-hyoid  pierced  by  posterior  belly  of  the  digastria  24,  Mylo- 
byoideut.    25,  Stemo-maatoid.    26,  Trapezius. 
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may  also  be  caused,  especially  in  children,  by  intestinal  irritation 
from  the  presence  of  worms,  and  in  females  by  uterine  irri- 
tation. 


§  233.  Symptoms. — Histrionic  spasm  of  the  face  may  be  clonic 
or  tonic,  the  former  variety  being  by  far  the  more  frequent  of 
the  two.  In  the  clonic  form  the  attacks  come  on  in  paroxysms, 
consisting  of  sudden  and  violent  contractions  and  relaxations  of 
some  of  the  muscles  of  the  face.  The  duration  of  each  paroxysm 
varies  from  a  few  seconds  to  a  few  minutes,  and  then  ceases,  only 
to  be  followed  after  a  short  interval  by  another.  The  spasm  is 
generally  confined  to  the  one  side  of  the  face,  so  that  the  con- 
tortions and  grimaces  of  the  afiFected  side  contrast  strangely 
with  the  calm  and  natural  expression  of  the  opposite  side. 
The  contortions  produced  are  extremely  variable,  and  con- 
sist mainly  of  elevation  and  depression  of  the  occipital  and 
frontal  muscles,  corrugation  of  the  eyebrows,  twitching  or  wink- 
ing of  the  eyelids,  elevation  of  the  cheek  and  of  the  nostrils, 
and  distortion  of  the  angle  of  the  mouth  ;  but  these  may  be 
present  in  every  imaginable  combination.  The  spasm  may  be 
partial,  being  limited  to  the  muscles  supplied  by  single  branches 
of  the  nerve.  The  palpebral  twigs  alone  are  sometimes  affected. 
In  the  tonic  form  the  eyelids  are  firmly  closed,  constituting 
blepharoajKism,  and  in  the  clonic  variety  the  atfection  manifeata 
itself  by  a  rapid  winking,  hence  called  nictitating  spagm; 
while  at  other  times  there  may  be  only  slight  twitching 
movements  of  one  of  the  eyelids,  generally  the  lower.  When 
the  malar  and  labial  branches  are  affected  it  gives  rise  to  a 
convulsive  grin,  resembling  laughing,  on  one  or  on  both  sides, 
and  hence  called  the  sardonic  laugh,  or  riaus  caninus,  or  cynic 
spasm. 

The  whole  of  the  facial  nerve  may  at  times  be  implicated,  so 
that  not  only  the  facial  muscles  but  the  platysma  myoides  may 
be  affected  with  spasm.  The  affection  also  occurs  in  connection 
with  spasm  of  the  muscles  supplied  by  other  nerves,  as  the 
fifth,  hypoglossal,  spinal  accessory,  or  some  of  the  spinal  nerves. 

The  muscles  supplied  by  the  auriculo-muscular  branches  of 
the  facial  are  rarely  affected.  Romberg  mentions  two  cases  in 
which  these  muscles  were  the  subjects  of  spasm.     In  the  first 
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case  the  spasmodic  movements  occurred  in  paroxysms,  and 
appeared  after  partial  recovery  from  apoplexy  accompanied  by 
paralysis  of  the  right  arm  ;  and  in  the  other  case  the  spasm  of 
the  ears  preceded  an  epileptic  seizure,  and  thus,  as  Romberg 
remarks,  took  the  place  of  the  aura.  It  is  quite  evident,  there- 
fore, that  neither  of  these  cases  is  a  true  instance  of  the  disease 
under  consideration  at  present 

The  paroxysms  of  facial  spasm  are  of  variable  duration,  and 
may  be  excited  by  emotional  disturbances,  voluntary  movements 
of  the  affected  muscles,  reflex  irritation,  and  in  severe  cases  the 
spasm  supervenes  spontaneously  aud  without  any  exciting 
cause.  The  paroxysms  are  not  usually  accompanied  by  pain, 
although  occasionally  at  an  early  stage  a  slight  degree  of  pain 
or  numbness  may  be  present,  and  the  patient  may  also  com- 
plain of  headache,  tinnitus  aurium;  but  no  kind  of  disorder  of 
sensibility  ever  forms  a  prominent  feature  of  the  disease.  The 
disease  is  not  accompanied  by  any  paralysis.  All  the  voluntary 
movements  can  be  executed,  and  there  are  no  vaso-motor  nor 
secretory  disturbances,  and  the  electrical  reactions  are  normal. 
Certain  points  may  be  found,  pressure  on  which  will  arrest  the 
spasm.  These  points  when  present  correspond  with  the  pressure 
points  in  trifacial  neuralgia.  The  paroxysm  may  continue, 
but  as  a  rule  disappears  during  sleep. 

The  tonic  form  of  facial  spasm  was  first  clearly  recognised  by 
Dr.  Marshall  Hall.  In  this  form  the  muscular  contraction  is 
persistent.  The  tip  of  the  nose,  angle  of  the  mouth,  and  the 
chin  are  drawn  to  t!ie  opposite  side,  and  the  furrows  and  dimples 
of  that  side  are  rendered  deeper.  The  contracted  muscles  render 
the  tissues  on  the  afiected  side  too  scanty  for  covering  the 
orifices,  so  that  the  eye  on  the  affected  side  is  closed,  a  tightness 
is  induced  at  the  angle  of  the  mouth,  and  when  the  angle  of 
the  mouth  is  moved  from  the  eye,  as  in  speaking,  it  is  difficult 
to  keep  the  eye  closed.  Articulation  is  rendered  indistinct,  and 
the  bolus  of  food  tends  to  collect  between  the  teeth  and  the 
affected  cheek,  causing  slight  trouble  during  mastication  ;  but 
there  is  no  difficulty  of  deglutition. 

Blepharospasm  is  the  most  important  of  the  partial  forms  of 
facial  spa.sm.  This  form  of  the  affection  has  been  carefully  studied 
by  Von  Graefe.     The  eyelids  are  firmly  closed  in  paroxysms, 


§  236.  Morbid  Anatomy  atid  Pathology. — The  diaease  is  no 
doubt  caused  by  irritation,  either  direct  or  reflex,  of  the  seventh 
nerve,  or  of  one  of  its  branches.  The  irritation  may  be  caused  by 
disease,  such  as  a  tumour  or  cicatrix  in  the  vicinity  of  the  nerve 
at  any  part  of  its  course.  The  affection  is  at  other  times  caused 
in  a  reflex  manner  by  irritation  of  the  fifth. 

§  237.  Treatment. — The  first  aim  of  treatment  must  be  to 
remove  the  cause  of  the  affection.  If  the  disease  is  the  result  of 
exposure  to  cold,  soothing  applications,  such  as  the  vapour  bath, 
ought  to  be  applied,  while  opium  may  be  given  in  some  form 


I 


366  DISEASES  OF  THE   MOTOR  CRANIAL  NERVES. 

each  of  which  may  last  from  a  few  minutes  to  a  few  hours,  but 
may  occasionally  extend  over  a  period  of  weeks  or  of  months. 
Blepharospasm  is  generally  accompanied  by  photophobia,  and  it 
is  sometimes  associated  with  trigeminal  neuralgia.  Pressure  on 
the  points  which  correspond  to  the  tender  points  in  trigeminal 
neuralgia,  and  especially  overthe  in  fra-orbital  foramen,  may 
completely  arrest  the  spasm.  Blepharospasm  is  generally  of 
reflex  origin,  and  induced  by  irritation  of  the  fifth,  and  more 
especially  of  its  ocular  branches. 

§  234  Course,  Duration,  Termiixatione,  and  Prognosit. — 
The  course  of  the  disease  is  generally  chronic,  and  it  may  last 
during  the  lifetime  of  the  patient  Complete  recovery  is  _ 
prolmbly  the  rarest  termination,  the  most  frequent  being  partial  | 
recovery  with  relapses.  The  prognosis  varies  with  the  cause; 
It  is  most  favourable  when  the  spasm  depends  upon  a  airable 
disease  of  the  eye  or  conjunctiva,  or  upon  some  other  source  of 
peripheral  irritation.  fl 

§  233.  Diagnoais. — The  tonic  form  of  facial  spasm  may  bo 
mistaken  for  facial  paralysis  of  the  opposite  side,  but  in  the 
former  affection  the  immobility  is  found  ou  the  side  to  which 
the  face  is  drawn,  while  the  reverse  obtains  in  the  latter.  In 
spasm  the  affected  muscles  are  prominent  and  rigid,  and  H 
their  faradic  contractility  is  normal  or  exaggerated ;  while  in 
paralysis  the  affected  muscles  are  soft,  flaccid,  and  their  faradic 
contractility  ia  diminished  or  lost. 
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be  pRscBtk  silktik  acid 
if  tk«k  failed^  m^Ab  of 
If  the  fliet  be  wwfal— >  —li  iBilwlii  of  iron 
end  ood-Iiver  «d  voold  be  likely  to  prove  the  best  remwIieK. 

If  tbe  BffBOtan  i»  aaocMted  witb  ebiraa,  aneoie  aad  bramido 
of  SBC  ue  tke  moet  bkeij  lenedieB  to  taeeeed,  or  luge  doses 
of  the  brooude  of  potunom  m^t  be  tried ;  bat  I  have  much 
more  £utb  in  aiaeaic  grren  in  pwytrtmiToly  iDcnaaing  doeee  up 
to  from  seven  to  toi  nadais  of  the  Bqaor  than  in  an  j  otber 
remedy. 

The  application  of  chloroform,  ether  sprav,  and  subcutaneous 
iajectioBa  of  morphia  will  be  found  useful  alternately  as  local 
applications.  G^ntinued  pressure  by  means  of  a  small  compress, 
either  on  the  truok  of  the  nerve,  at  its  exit  from  the  8tylo>mas- 
boid  foramen,  or  on  one  of  its  divisions,  according  to  the  extent 
of  the  disease,  has  been  found  useful.  When  a  point  can  be 
discovered  over  one  of  the  branches  of  the  fifth  nerve,  pressure 
apon  vhich  arrests  the  spasm,  the  compress  ought  to  be  applied 
over  this  point.  Dieffenbach  divided  subcutaneous ly  nil  the 
muscles  affected  with  spasm,  and  the  convulsions  immediately 
ceased.  A  year  and  a  half  after  the  operation,  all  that  remained 
was  some  degree  of  tremor  and  agitation.  Section  of  the  faciiil 
nerve  has  been  recommended,  but  the  paralysis  which  results 
is  a  fatal  objection  to  the  treatment.  Nerve  stretching  might 
probably  be  found  useful. 

The  best  direct  treatment  consists  of  the  application  of  tho 
constant  current.  When  points  of  arrests  are  obtained,  tho 
anode  should  be  placed  over  one  of  these ;  while  in  other  cnses 
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the  descending  current  may  be  passed  along  the  facial  nerve  to 
the  aflfected  muscles. 

The  patieut  should  be  directed  to  exert  his  will  to  the 
utmost  to  control  the  facial  movementa ;  just  as  he  would  do 
in  endeavouring  to  overcome  a  bad  habit. 

§  238.  Paralysis  of  the  Seventh  Nerve.  Mimetic  Facial 
Paralysis.  Hemiplegia  and  Diplegia  Facialia.  Pro- 
sopalgia.     Bell's  Paralysis. 

Paralysis  of  the  facial  nerve  was  first  thoroughly  investigated 
by  Sir  Charles  Bell ;  hence  it  is  now  frequently  called  Bell's 
Paralysis.  There  is  probably  no  nerve  in  the  body  so  liable  to 
be  independently  attacked  as  the  facial.  Its  superficial  position 
exposes  it  to  various  traumatic  influences ;  while  its  course 
through  a  long  and  narrow  bony  canal,  and  its  proximity  to 
organs  very  liable  to  be  diseased,  afford  numerous  opportunities 
for  the  occurrence  of  various  lesions  of  the  nerve,  and  render 
it  peculiarly  liable  to  become  secondarily  implicated. 

Paralysis  of  the  facial  is  sometimes  unilateral,  sometimes 
bilateral,  and  all  the  branches,  or  particular  branches  only, 
may  be  affected. 

§  239.  Etiology. — Exposure  of  one  side  to  cold  is  one  of  the 
most  frequent  causes  of  paralysis  of  the  facial,  and  it  is  then 
called  rheumatic  paralysis.  The  paralysis  is  probably  due  to  a 
slight  neuritis,  followed  by  serous  or  plastic  exudation  into  the 
sheath  of  the  nerve,  compressing  the  nerve  fibres.  The  neuritis 
may  occur  either  in  the  canal  or  external  to  it  When  the 
latter  portion  is  affected,  the  compression  produced  is  not 
sufficiently  great  to  cause  degeneration  of  the  nerve  fibres,  so 
that  simple  paralysis  results ;  but  when  the  nerve  is  affected 
within  the  canal,  the  fibres  undergo  strong  compression,  and 
consequently  degenerate,  so  that  a  severe  paralysis  with  the 
reaction  of  degeneration  results.  Some  persons  appear  to 
manifest  a  predisposition  to  this  form  of  paralysis.  Eulenburg 
mentions  the  case  of  a  young  man  under  his  care,  who  suffered 
twice  from  right-sided,  and  thrice  from  left-sided  facial  paralysis 
of  a  very  obstinate  character. 

Facial  paralysis  occurs  at  all  ages,  but  it  ia  most  frequent 
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between  twenty  and  forty  years  of  age.  Sex  does  not  seem  to 
exert  any  influence,  and  each  side  of  the  face  is  about  equally 
liable  to  be  affected.  Facial  paralysis  is  frequently  the  result 
of  injury.  It  has  been  observed  to  follow  a  severe  blow  on  the 
ear,  gunshot  and  various  other  wounds,  fractures  of  the  skull 
and  of  the  temporal  bone,  and  wounds  caused  by  missiles  entering 
the  internal  ear.  It  also  occurs  after  extirpation  of  the  parotid 
gland  and  other  surgical  operations  about  the  face  and  ear; 
and  it  may  be  caused  in  new-bora  infants  by  the  pressure  of 
the  forceps  (Duchenne).  Affections  of  the  parotid  and  of  the 
neighbouring  parts  may  cause  facial  paralysis  either  by  pressure 
on  the  trunk  of  the  nerve  or  of  one  of  its  branches,  or  by 
extension  of  the  morbid  process  to  it.  Amongst  the  lesions 
which  cause  paralysis  may  be  mentioned  swelled  lymphatic 
glands ;  abscess  or  infiltration  of  the  cellular  tissue  in  the  neigh- 
bourhood of  the  stylo-mastoid  foramen  ;  inflammation,  abscess, 
and  tumours  of  the  parotid  gland  ;  deep-seated  ulcerations  and 
cicatrices,  such  as  occur  after  scrofulous  abscesses  of  the  glands. 

Various  diseases  of  the  ear  may  also  cause  facial  paralysis, 
and  of  all  the  causes  of  this  affection  suppurative  otitis  interna, 
followed  by  destructive  changes  in  the  temporal  bone,  is  the 
most  frequent.  Bony  tumours  and  neoplastic  formations  of  all 
kinds  proceeding  from  the  internal  ear  may  also  lead  to  com- 
pression or  destruction  of  the  nerva  Facial  paralysis,  as  an 
isolated  affection,  is  rare  as  a  sequel  after  acute  diseases  such  as 
diphtheria  and  variola,  unless  indeed  there  is  disease  of  the 
temporal  bone  ;  but  it  frequently  occurs  in  the  course  of  syphilis. 
Syphilitic  periastitis,  meningitis,  exostoses,  and  gummata  at  the 
base  of  the  skull,  in  the  temporal  bone,  or  in  the  brain,  very 
frequently  implicate  the  facial  nerve. 

Facial  paralysis  occurs  as  a  symptom  of  various  intracranial 
diseases  ;  and  the  following  groups  may  be  distinguished; — (1) 
Batal  Paralysis,  caused  by  disease  or  compression  of  the  nerves 
at  the  base  of  the  skull  or  in  its  passage  through  the  medulla  to 
its  nucleus ;  (2)  Disease  of  the  nucleus  itself,  or  in  its  neighbour- 
hood ;  (3)  Lesion  of  the  fibres  which  connect  the  facial  nucleus 
with  the  cortex  of  the  opposite  hemisphere ;  and  (4)  disease  of 
the  motor  centre  in  the  cortex  situated  in  the  posterior  part  of 
the  second  frontal  convolution. 
Y 
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Facial  paralysis  is  rare  as  a  symptom  of  disease  of  the  spinal 
cord,  but  it  may  occur  when  the  disease  progressea  as  far  as 
the  upper  end  of  the  medulla.  The  facial  nucleus  may,  for 
instance,  be  implicated  in  acute  ascending  paralysis  of  the  cord, 
and  it  may  also  occur  in  tabes  dorsalis. 

§  240.  Symj^tovis. — The  onset  of  facial  paralysis  diflfers  ac- 
cording to  its  cause.  It  appears  suddenly  when  it  results  from  a 
traumatic  lesion  of  the  nerve,  and  when  it  results  from  exposure 
to  cold  the  patient  is  usually  surprised  to  find  one  side  of  his  face 
paralysed  in  the  morning.  When  the  paralysis  results  from 
disease  which  invades  the  nerve  secondarily,  either  by  gradual 
compression  or  by  altering  its  texture,  the  paralytic  symptoms 
bteome  slowly  and  gradually  developed,  and  spread  from  branch 
to  branch  of  the  nerve.  Premonitory  symptoms  may  be  ex* 
perienced  for  some  days  before  the  appearance  of  the  paraljrsis, 
oooiisting  of  pain  on  the  side  of  the  face  which  is  subsequently 
paralysed,  noiaee  in  the  ear,  deafness,  and  abnormal  sensations 
of  tMtc  on  the  same  side. 

The  symptoms  of  complete  unilateral  facial  paralpis  are  very 
choraoteristia  The  paralysed  side  of  the  face  loses  its  wrinkles 
and  furrows;  it  appears  smooth,  flaccid,  and  expressioaleso. 
From  the  loss  of  muscular  tone  the  paralysed  side  falls  to  a 
k>ww  level  than  the  healthy  one,  and  this  distortion  is  mach 
increased  when  the  £&cial  muscles  are  called  into  action  daring 
nuliog  and  talking.  The  patient  cannot  wrinkle  his  forehead 
nor  alerate  his  efebrow ;  he  cannot  close  bis  eye,  and  when  h« 
atMttpts  to  do  so  the  eyeball  is  obeerred  to  roll  upwards  and 
iawarda,  or  ooeastonally  upwards  and  outwardai  Owing  to  para- 
lyais  of  Hoinei'aBHiide.thetearscannotenterthelaehijHMl  canal, 
and  therefore  Sow  over  the  cbeek.  The  power  of  winking  is  lost, 
and  the  tj9  taBaiaa  opm  duiiiig  ateep  (bKophthnfanas).  aad 
baiagBO  kagv  prstaelad  froat  the  eoatne>  of  fatajgn  paitieiaa, 
U  elian  baeoaaa  irriuted  and  inflamed.  The  nostiil  oo  the 
iiaialiaail  adaiMbaidaf  ninBiliM  itir«»  iasiaialMai  fclkim. 
Md  the  tip  <r  tht  BOW  k  aoMMaMB  dravB  to  the  haah^  aia. 
The  BOttth  ia  abo  drawn  ohliqnely  over  to  the  healthy  ade. 
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the  buccinator  causes  the  cheek  to  puff  out  in  speaking  and 
other  expiratory  actions,  the  pronunciation  of  the  labial  conso- 
nants is  impaired,  attempts  at  blowing  or  whistling  fail,  the  air 
escaping  through  the  paralysed  fissure  of  the  lips,  the  saliva 
dribbles  from  the  afifected  side,  and  the  food  is  apt  to  accu- 
mulate between  the  inner  surface  of  the  cheek  and  the  teeth. 

The  external  muscles  of  the  ear  are  also  paralysed,  but  since, 
in  the  majority  of  people,  these  muscles  are  not  under  voluntary 
control, impairment  of  movement  in  them  is  not  readily  detected. 
Paralysis  of  the  platysraa,  of  the  posterior  belly  of  the  digastric, 
and  of  the  stylo-hyoid  muscles  can  sometimes  be  demonstrated. 

If  the  lesion  of  the  nerve  is  situated  above  the  geniculate 
ganglion,  the  levator  palati  and  azygos  uvulaj  become  paralysed, 
and  consequently  the  soft  palate  on  the  side  corresponding  to 
the  facial  paralysis  hangs  loosely  downwards,  occupies  a  lower 
position  than  on  the  sound  side,  and  manifests  diminished 
action  on  reflex  irritation  and  in  phonation.  The  uvula  is  also 
distorted,  being  curved  to  one  side  and  somewhat  forwards, 
the  tip  being  sometimes  directed  towards  and  sometimes  away 
from  the  paralysed  side  (Sanders).  This  condition  will  be  dis- 
cussed more  at  length  when  the  various  forms  of  paralysis  of 
the  muscles  of  the  soft  palate  are  under  consideration. 

If  the  facial  nerve  is  diseased  above  the  point  where  the 
branch  to  the  stapedius  is  given  ofif  {Fig.  35,  3)  that  muscle 
becomes  paralysed,  and  the  membraua  tympani  is  rendered 
unduly  tense  by  the  over-action  of  the  tensor  tympani  muscle. 

The  researches  of  Lucaj*  have  shown  that  this  condition 
causes  an  abnormal  acuteness  of  hearing  of  all  musical  tones, 
or  sometimes  an  abnormal  power  of  perceiving  deep  notes,  often 
accompanied  by  a  subjective  sound  of  high  pitch,  lloux. 
speaking  of  an  attack  of  facial  paralysis,  from  which  be  himself 
Buftered,  mentions  a  painful  vibration  of  the  tympanic  mem- 
brane on  the  a£fected  side  for  moderately  strong  sounds.  If, 
therefore,  abnormal  acutenesa  of  hearing  accompanies  facial 
paralysis,  it  may  be  inferred  that  the  facial  nerve  is  afifected 
above  the  point  where  the  little  branch  for  the  stapedius  is 
given  ofi. 

•  Berlin  Klin  Wocbentoiirift,  1874,  Noa.  14,  16, 17. 
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It  is  scarcely  necessary  to  add  that  the  auditory  and  facial 
nerves  may  be  simultaneously  affected  by  diseases  at  the  base 
of  the  brain,  in  the  meatus  auditorius  internus,  and  of  the  ^ 
middle  ear  and  the  adjoining    parts   of   the   temporal   bone.  " 
When  that  is  the  case,  the  facial  paralysis  is  accompanied  by 
complete  deafness  of  the  ear  on  the  affected  side,  ^M 

§  241.  The  chorda  tympani  contains  three  kinds  of  fibres  : 
(1)  Fibres  which  minister  to  the  sense  of  taste  for  the  anterior  fl 
two-thirds  of  the  tongue ;  (2)  secretory  fibres  for  the  submaxil- 
lary gland ;   (3)  fibres  distributed  to  the  vessels  of  the  gland. 
The  first  kind,  or  the  gustatory  fibres,  accompany  the  facial 
only  for  a  short  part  of  its  course,  leaving  it  probably  at  the 
level   of    the  geniculate    ganglion    by   the    great    superficial 
petrosal  nerve  (Schiff).      If,  therefore,  the  lesion  is  situated 
anywhere  between  the  geniculate  ganglion  and  the  point  of  A 
origin  of  the  chorda  tympani  from  the  facial,  the  sense  of  t&ste  ^ 
in  the  anterior  two-thirds  of  the  tongue  will   be  abolished  ; 
while  taBt«  will  remain  unaffected  when  the  lesion  is  situated  at 
the  base  of  the  brain  above  the  ganglion,  or  below  the  point 
where  the  chorda  tympani  leaves  the  facial  {Fig.  35,  2). 

The  disorder  of  taste  consists  of  diminution  or  abolition  of 
the  sense  of  taste  for  acid,  sweet,  or  saline  substances  in  the 
anterior  two-thirds  of  the  tongue  on  the  affected  side.  Disease 
of  the  secretory  fibres  causes  diminution  of  the  salivary  secre- 
tion on  the  paralysed  side,  the  patients  often  complaining  of  an 
abnormal  dryness  of  that  side  of  the  mouth. 

Diminution  of  the  seDse  of  smell  has  occasionally  been 
observed  on  the  paralysed  side.  This  is  caused  partly  by  dry- 
ness of  the  nostril  on  account  of  the  insufficient  discharge  of 
tears ;  and  partly  because  the  paralysis  of  the  levator  alae  nasi 
and  the  compressor  naris  interferes  with  the  access  of  air  to 
the  olfactory  chambers. 

In  all  cases  of  isolated  paralysis  of  the  facial  the  tongue  lies 
straight  on  the  floor  of  the  mouth,  and  does  not  deviate  when 
protruded.  There  is  no  paralysis  of  the  tongue,  but  an  apparent 
deviation  on  protrusion  occurs,  because  the  affected  angle  of  the 
mouth  is  drawn  over  to  the  healthy  side. 

The  sensibility  of  the  paralysed  side  of  the  tice  is  genersJl; 
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normal.  When,  however,  the  peripheral  divisions  of  the  nerve 
are  aflfecteil,  branches  of  the  fifth  are  usually  implicated  in 
the  disease,  and  there  will  be  corresponding  disturbances  of 
sensibility. 

The  rejlex  movements  are  abolislied  in  the  paralysed  muscles 
in  all  cases  of  peripheral  origin ;  but  in  paralysis  of  central 
origin,   more   especially  when  the  disease  is  situated  in  the 

■hemispheres,  reflex  irritability  is  completely  preserved. 
Associated  movements  are  likewise  abolished  in  peripheral 
and  preserved  in  central  paralysis. 
_      The  electrical  reactions  of  the  paralysed  nerves  and  muscles 
^  have  been  carefully  studied  in  the  form  which  has  been  called 
rheumatic  facial  paralysis. 

Erb  (listinguiahes  three  groups,  with  respect  to  the  electrical  reactions 

obtaiued : — 

^fe       1.  The  first  group  comprises  those  cases  in  which  the  reaction  to  both 

^  the  galvanio  and  faradic  currents  of  the  nerve  and  muscles  is  entirely 

uiiafiucted.    The  prognosis  is  extremely  favourable  iu  these  cases,  recovery 

taking  place  in  two  or  three  weeks. 

"i.  The  second  group  comprises  all  tbe  cases  which   manifest  thu 

■  "  reaction  of  degeneration,"  and  the  prognosis  of  this  group  is  essentially 
uufavouroble.  The  affection  may  be  expected  to  last  from  two,  four,  six 
mouths,  or  even  longer  ;  and  traces  of  the  paralysis,  consisting  of  a  certain 
stiffness  of  the  movements,  slight  contractures,  and  muscular  twitchings, 
are  often  observable  for  years. 

3.  The  third  comprises  all  the  transitional  forms  between  the  first 
two  groui>s.  The  prognosis  is  relatively  favourable  in  this  group,  recovery 
taking  place  in  from  four  to  six  weeks.  In  such  cases  the  faradic  and 
galvanic  excitability  of  the  nerve  may  b«  diminished  as  early  as  the 
close  of  the  first  week,  but  is  never  entirely  lost.  The  muscles  exhibit 
increase  and  qualitative  alteration  of  the  galvanic  excitability,  as  well  as 
increase  of  mechanical  excitability.  The  characteristic  feature  of  this 
group  is,  therefore,  that  the  muscles  exhibit  the  reaction  of  degeneration 
at  a  time  when  the  electrical  reaction  of  tbe  nerve  shows  that  it  has  not 
undergone  complete  degeneration. 

In  Traumatic  Paralysis  of  the  facial  nerve,  and  in  that  which  results 

from  severe  compression,  such  as  is  caused  by  tumours  at  the  base  of 

the  brain,  the  reaction  of  degeneration  apiiears  in  its  typical  form.    In 

paralysis,  from  disease  iu  or  near  the  facial  nucleus,  as  iu  bulbar  paralysis, 

a  simple  and  moderate  diminution  of  the  electric  excitability  occurs  in  the 

^   nerve  aud  muscles  when  tbe  paralysis  has  lasted  for  some  time. 

^k        In   paralysis  from  lesion  above  the  pons,  the  electric  excitabiUty  is 

H  usually  unaltered  ;  but  occasionally  a  alight  increase  may  be  observed. 

K '. . 
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§  242.  Diplegia  Facialie,  or  bilateral  facial  paralysis,  deserves 
special  mentioa.  A  case  of  this  affection  was  recorded  by  Sir 
Charles  Bell,  in  1836,  and  Davaine  wrote  an  important  mono- 
graph on  the  subject  in  1852  ;  and  the  disease  has  been  studied 
since  that  time  by  Wachsmuth,  Pierreson,  and  others. 

The  disease  often  results  from  a  simultaneous  lesion,  such  as 
compression  by  a  tumour  of  both  facial  nerves,  when  they  are 
close  together  as  at  the  base  of  the  cranium,  or  in  their  course 
through  the  medulla  oblongata  and  pons.  It  is,  however, 
most  frequently  observed  ia  connection  with  progressive  bulbar 
paralysis.  A  curious  case  has  been  recorded  by  Romberg  and 
Magnus,  in  which  the  patient  had  two  attacks  of  left  hemiplegia, 
with  aphasia  and  bilateral  facial  paralysis.  At  the  post-mortem 
a  ha?morrhagic  cyst  was  found  "  at  the  external  edge  of  the 
right  bemisphere  of  the  cerebrum,  where  the  anterior  lobe 
adjoins  the  middle  one."  The  lesion  was  evidently  situated  in 
tbe  posterior  part  of  the  second  and  third  frontal  convolutions 
of  the  right  hemisphere ;  so  that  the  cortical  centres  for  the 
movements  of  the  opposite  side  of  the  face  and  of  the  tongue 
were  destroyed.  The  remarkable  feature  of  this  case  was,  not 
that  aphasia  was  associated  with  left  hemiplegia,  which  is  not 
unusual,  but  that  the  mimetic  movements  of  both  sides  of  the 
face  were  governed  from  one  hemisphere  of  the  brain.  Bilateral 
paralysis  of  the  facial  has  been  observed  to  arise  from  exposure 
to  cold,  from  wounds  affecting  both  temporal  bones,  from  bilateral 
otitis  interna,  and  from  caries  of  the  temporal  bones. 

Symptoms. — In  facial  diplegia  the  immobility  which  is  present 
on  one  side  in  the  unilateral  affection  now  appears  on  both  sides ; 
but  the  oblique  position  of  the  chin,  mouth,  and  nose  is  absent 
The  face  Is  smooth,  fixed,  and  expressionless,  even  when  the 
emotions  are  powerfully  excited,  and  the  patient,  in  the  apt 
language  of  Romberg, "  laughs  and  cries  as  from  behind  a  mask." 
When  the  lesion  implicates  all  the  branches  of  both  nerves  the 
patient  is  unable  to  wink  or  close  either  eye,  and  the  tears  flow 
over  both  cheeks.  Both  cheeks  are  flaccid  and  puff  out  during 
expiratory  acts ;  mastication  is  imperfectly  performed,  owing  to 
the  food  lodging  between  the  teeth  and  cheeks ;  some  difficulty 
is  also  experienced  in  swallowing,  due  to  paralysis  of  the  soft 
palate  and  of  the  stylo-hyoid  and  digastric  muscles;  and  the 
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voice  has  a  nasal  tone,  and  fluids  readily  escape  through  the 
nose,  during  attempts  at  deglutition,  from  paralysis  of  the  soft 
palata  The  nostrils  fall  in  during  inspiration,  causing  a  con- 
siderable amount  of  discomfort  and  difficulty  in  breathing.  The 
influence  of  the  facial  nerves  on  respiration  is  best  exemplified 
in  animals  like  the  horse,  with  very  mobile  nares,  and  in 
which  section  of  both  facials  has  been  known  to  have  caused 
asphyxia.  Articulation  is  greatly  impaired,  as  manifested  by 
inability  to  pronounce  the  vowels  "o"  and  "u"  and  the  labial 
consonants.  Taste  is  abolished  in  some  cases  in  the  anterior 
two-thirds  of  the  tongue,  and  the  sense  of  hearing  may  also  be 
affected  from  paralysis  of  the  atapedii  muscles,  without  the 
auditory  nerve  being  implicated  in  the  disease. 

§  243.  Course,  Duration,  and  Terminations.-^The  course  of 
facial  paralysis  varies  greatly,  according  to  its  cause.  In  paralysis 
of  rheumatic  origin  the  prognosis  is  greatly  aided  by  the 
electrical  reactions  already  described. 

Secondary  contracture  is  apt  to  occur  in  the  paralysed 
muscles  in  the  course  of  the  third  or  fourth  month.  It  begins 
as  a  slight  tonic  contraction,  generally  beginning  at  the  angle 
of  the  mouth,  which  is  drawn  upwards  and  outwards  to  the 
affected  side,  and  remains  fixed  in  that  position.  The  naso- 
labial fold  again  becomes  distinctly  marked,  the  cheek  becomes 
tense  and  firmly  pressed  against  tho  teeth,  the  orbicularis 
palpebrarum  may  be  affected,  making  the  fissure  of  the  eyelid 
narrower,  so  that  the  face  assumes  a  very  peculiar  and  charac- 
teristic aspect. 

Spontaneous  movements  may  occur  in  the  muscles  during 
recovery.  These  movements  consist  of  twitching  of  some  of  the 
muscles,  which  may  sometimes  be  so  intense  as  to  simulate 
convulsive  tic. 


These  contractions  occur  sometimes  when  tbe  patient  is  quiesoent, 
while  at  other  times  they  appear  as  associated  movements,  Whea  an 
attempt  is  made  to  close  the  eye,  for  instance,  the  angle  of  the  mouth  is 
drawn  outwards  and  upwards  ;  and,  conversely,  when  au  attempt  is  made 
to  draw  the  angle  of  the  mouth  to  one  side,  the  fissure  of  the  lid  contracts, 
while  the  zygomatici  contract  on  attempting  to  elevate  the  eyebrow. 
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ContracfcioDB  may  also  occur  in  a  reflex  manner,  either  through  the 
fifth  by  touching  or  pricking  the  akin,  or  touching  the  eyelashes,  or  through 
the  optic  nerve  by  making  a  rapid  movement  towards  the  eye. 

Traumatic  paralyses  are,  as  a  rule,  very  protractei  In 
favourable  cases  recovery  takes  place  in  the  course  of  four  to 
six  months  ;  but  it  is  frequently  very  incomplete,  and  generally 
the  paralysis  remains  for  life. 

In  paralysis  from  pressure,  and  in  other  peripheral  paralyses, 
such  as  those  resulting  from  otitis  interna,  neuritis,  and  syphilis, 
the  course  of  the  affection  varies  with  the  nature  of  the  lesion 
and  the  severity  of  the  case.  Electrical  examination  is,  as 
usual,  useful  in  prognosis. 

§  244.  Diagnosis. — The  diagnosis  presents  no  difficulty  except 
in  the  slighter  forms  of  the  affection.  In  these,  want  of  symmetry 
may  be  detected  in  the  action  of  the  muscles  of  the  two  sides 
by  careful  attention  to  the  play  of  the  features  under  varying 
emotions,  and  by  testing  the  finer  and  more  complicated  move- 
ments, such  as  those  engaged  in  pronouncing  difficult  words, 
whistling,  showing  the  teeth,  and  various  other  actions. 
Considerable  difficulty  is  experienced  in  diagnosing  facial 
paralysis  in  infants ;  the  principal  signs  to  be  depended  on 
being  the  distortion  that  occurs  on  crying,  the  difficulty  of 
sucking,  and  the  lagophthalmos  during  sleep. 

Erb  lays  down  very  careful  and  precise  rules  for  the  diagnosis  of  the 
tfat  of  the  lesion,  of  which  the  following  is  a  summary  : — 

Ptripheral  Facial  Parali/su. — Implication  of  all  the  external  braaches 
of  the  nerve,  lagophthalmos  especially  continuing  during  sleep,  atrophy 
of  the  paralysed  muscles,  the  presence  of  the  reaction  of  degeneration, 
absence  of  reflex  and  associated  movements,  the  presence  of  external 
wounds  or  other  injury  in  the  vicinity  of  the  nerve,  disease  of  the  organ* 
adjoining  the  peripheral  port  of  the  nerve,  as  of  the  parotid  gland,  the 
internal  ear,  the  temporal  bone,  the  other  nerves  at  the  base  of  the  brain, 
and  the  absence  of  all  cerebral  symptoms. 

Ctrtbral  FaeuU  Paraly»U. — The  branches  of  the  nerve  distributed  to 
the  up|)er  part  of  the  face  not  being  implicated  iu  the  itinnaan,  the  &ot 
that  the  eye  can  be  dosed  voluutarily  and  during  sleep,  the  preservttioo  of 
rtflex  acta,  the  absence  of  atrophy  of  the  muscles  and  of  the  reactioo  of 
degeneration,  and  the  presence  of  other  oensbrol  symptoms,  as  vertigo, 
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sensory  disturbauces,  hemiplegia,   weakueaa  of  the  tongue,  disordera  of 
Hpeech,  and  considerable  dif&cultjr  in  swallowing. 

Each  of  these  main  divisions  may  be  subdivided  into  several  groups. 

A, — Peripheral  Parali/fit. 

1.  If  the  lesion  be  situated  external  to  the  Fallopian  canal,  the  muscles 
of  the  face  are  alone  paralysed. 

2.  If  the  lesion  be  situated  in  the  Fallopian  canal,  but  below  the  point 
at  which  the  chorda  tympoui  is  given  off,  the  muscles  of  the  external  ear 
are  paralysed  in  addition  to  those  of  the  face. 

3.  If  the  lesion  be  situated  between  the  point  at  which  the  chorda 
tympaui  is  given  off  and  the  point  of  origin  of  the  small  branch  to  the 
stui>edius,  there  are,  in  addition  to  the  symptoms  already  uontioued, 
abolition  of  taste  on  the  anterior  two-thirds  of  the  tongue  and  diminution 
of  the  salivary  secretion  of  the  affected  side. 

4.  If  the  lesion  be  situated  between  the  point  of  origin  of  the  nerve  to 
the  8tai>edius  and  the  geniculate  ganglion,  the  same  symptoms  are  present 
along  with  abnormal  acuteuess  of  hearing. 

6.  If  the  geniculate  ganglion  itself  is  diseased,  all  the  previous  signs 
are  present,  and  in  addition  paralysis  of  the  soft  jmlato  and  distortion  of 
the  uvula. 

6.  If  the  lesion  is  situated  in  the  nerve  above  the  geniculate  ganglion, 
all  the  previous  signs  are  present  with  the  exception  of  the  disorder  of 
the  sense  of  taste.  The  auditory  nerve  is  also  frequently  implicated,  and 
then  there  is  duluess  of  hearing  on  the  affected  side. 

B. — Intracranial  Paralysis. 

1.  Lesion  of  the  facial  nucleus  gives  rise  to  complete  paralysis  of  the 
facial  branches,  paresis  of  the  velum  palati,  simple  diminution  of  electrical 
excitability  ;  but  there  are  no  gustatory  disturbances.  That  the  lesion  is 
situated  in  the  medulla  is  rendered  more  certain  by  the  hypoglossus,  spinal 
accessory,  vagus,  trigeminus,  or  the  abducena  being  affected. 

2.  When  the  lesion  is  situated  in  the  lower  and  middle  regions  of  the 
pons  there  is  complete  paralysis  of  the  facial  branches,  paresis  of  the  velum 
palati,  and  paralysis  of  the  extremities  on  the  opposite  aide  of  the  body,  or 
alteniale  paralysis.  When  the  lesion  ia  situated  in  the  upper  part  of  the 
{xins,  above  the  decussation  of  the  fibres  which  connect  the  facial  nuclei 
with  the  {X)8terior  part  of  the  second  frontal  convolutions  of  the  cortex, 
the  paralysis  of  the  extremities  is  on  the  same  side  as  that  of  the  face. 
Diseases  of  the  pons  may  exert  pressure  on  the  facial  nerves  at  the  base 
of  the  brain,  and  thus  induce  some  of  the  symptoms  of  peripheral  paralysis 
of  the  nerve. 

3.  When  the  disease  ia  situated  above  the  pons  in  one  of  the  crura  or 
hemispheres  there  ia  only  paralysis  of  the  lower  facial  branches,  paresis  of 
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the  velum  palati,  and  paralysis  of  the  extremities  on  the  same  side.  Lesion 
of  the  cms  gives  rise  to  facial  paralysis  and  crossed  paralysis  of  the  third 
nerve. 

The  diagnosis  of  the  nature  of  the  lesion  must  be  based  on  general 
pathological  grounds. 

§  245.  Prognosis. — The  prognosis  depends  upon  the  nature 
of  the  primary  lesion  which  has  induced  the  paralysis.  The  most 
unfavourable  cases  are  those  which  result  from  the  pressure  of 
incurable  tumours,  from  caries  of  the  temporal  bone,  fractures 
of  the  bone,  gunshot  injuries,  bulbar  paralysis,  and  tumours 
of  the  brain.  Those  which  result  from  apoplexy  and  embolism 
generally  disappear  in  a  few  weeks.  In  syphilitic  facial  para- 
lysis the  prognosis  is  favourable,  although  it  is  not  always 
curable.  When  the  paralysis  results  from  otitis  interna  and 
parotitis  the  prognosis  depends  upon  the  curability  of  these 
afifections.  Perfect  recovery  usually  takes  place  after  simple 
section  of  the  nerve  or  of  its  branches.  In  rheumatic  facial 
paralysis  the  prognasis  mainly  depends  upon  the  character  of 
the  electrical  reactions  obtained. 

If  the  electrical  irritability  of  the  paralytted  nerve  and  muscles  be  normal 
at  the  end  of  the  first  week,  recovery  talces  place  in  two  or  three  weeks  ; 
and  Lf  the  reaction  to  both  currents  be  slightly  diminished  at  the  end  of  the 
week,  recovery  may  be  expected  in  the  course  of  from  four  to  six  weeks  ; 
but  if  the  electricdl  irritability  be  greatly  diminished  or  completely  lost 
at  the  end  of  the  first  week,  the  disease  will  hut  several  mouths,  and 
subsequent  contractures  will  take  place. 

Facial  paralysis  of  new-born  infants  is  generally  very  transi- 
tory, its  duration  varying  from  a  few  hours  to  a  few  weeks. 
Duchenne  has  observed  two  cases  in  which  the  paralysis  per- 
sisted in  the  one  to  5  J  and  in  the  other  to  15  years  of  age;  but 
such  cases  are  very  exceptional. 

§  246.  Treatment. — An  endeavour  must  first  be  made  to 
remove  the  cause  of  the  affection.  When  the  disease  results  from 
otitis  interna  and  fracturesof  the  skull,  the  usual  surgical  remedies 
must  be  adopted  ;  and  in  syphilitic  paralysis  mercury  or  iodide 
of  potassium  must  be  prescribed.  In  rheumatic  paralysis 
antiphlogistic  treatment  must  first  be  adopted,  consisting  of  the 
.  vapour  bath,  or  a  simple  warm  bath  with  subsequent  warm  local 
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fomentations.  Blistering  should  not  be  uied  until  the  disea-se 
has  become  more  or  less  chronic.  When  there  is  neuritis  the 
galvanic  current  may  be  employed  at  an  early  period,  the  best 
method  being  the  stabile  application  of  the  anode  to  the  mastoid 
process  of  the  affected  side,  the  cathode  being  placed  on  the 
opposite  side.  After  a  time  the  cathode  and  anode  may  be 
alternately  applied  on  the  diseased  side. 

In  the  later  stages  of  the  affection  the  application  of  elec- 
tricity forms  the  best  direct  treatment.  In  the  slighter  forms  of 
the  disease  a  moderately  strong  faradic  current  may  be  applied 
for  two  or  three  minutes,  either  daily  or  on  alternate  days,  and 

Fio.  37. 
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H.  TboiMbL  liMral. 
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M.  TborMlfl.  ant.       Hum.  pWx.  braehUlU. 
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Fio.  37.— Motor  poinU  of  face,  ihowiDg  the  positinn  of  the  «1ectro<lea  in  electriution 
of  the  fuikl  nerrefl  and  muscles.  The  anode  is  jilaccd  in  the  mastoid  fona,  and 
the  cathode  upon  the  part  indicated  in  the  figure. 
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this  is  geaerally  followed  by  prompt  improvement  The  same 
treatment  is  indicated  when  the  disease  is  of  somewhat  greater 
intensity,  and,  in  addition,  the  galvanic  current  may  be  passed 
through  the  mastoid  process  in  the  manner  already  described, 
lu  the  Hevere  form  the  galvanic  gives  better  results  than  the 
faradic  current  It  should  be  applied  once  or  twice  a  week  at 
first  to  the  branches  of  the  nerve,  and  to  the  muscles ;  but  as 
soon  as  there  are  any  indications  of  the  return  of  motor  power 
the  application  may  be  made  more  frequently.  The  annexed 
diagram  (Fi;j.  37)  indicates  the  motor  points  of  the  facial  nerve. 

When  electricity  has  proved  useless,  little  or  no  benefit  will 
be  obtained  from  the  subcutaneous  injection  of  strychnia, 
stimulating  liniments,  cold  and  warm  douches,  or  any  form  of 
counter-irritatiou.  Iodide  of  potassium  in  large  doses  is  the 
only  medicine  which  appears  to  exert  a  favourable  influence  in 
the  early  stages  of  this  diseosa 

Various  mechanical  means  have  been  used  in  the  treatment 
of  secondary  contractures,  such  as  traction  with  the  fingers, 
and  placing  wooden  or  indiarubber  balls  in  the  checks. 
Faradisation  of  the  healthy  antagonists  has  also  been  employed 
as  a  means  of  exercising  traction  on  the  affected  muscles. 

Various  operative  procedures  have  been  undertaken  in  in- 
curable cases,  in  order  to  remove  distortions,  such  as  subcutaneous 
section  of  the  levator  palpebrat  superiorls,  and  the  operation  for 
ectropion. 

(IIL)-DISEASES   OF   THE   HYPOGLOSSAL   NERVB. 

The  hypoglossal  is  the  motor  nerve  of  the  tongue,  and  of 
some  of  the  muscles  of  the  neck.  Its  course,  distribution,  and 
connections  are  illustrated  in  the  subjoined  diagram  {Fig.  38). 
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§  247.  Spasm,  of  the  Muscles  supplied  by  the  Bypogloaaal 
Nerve — Linffual  Spasm. — Lingual  spasm  is  rare  as  an  inde- 
pendent  affection,  but  it  is  a  common  symptom  of  hysterical  H 
convulsions,  chorea,  epilepsy,  eclampsia,  and  often  accompanies 
trismus,  spasm  of  the  facial,  trigeminal  neuralgia,  and  stuttering. 
It  may  also  result  from  meningitis,  and  from  lesion  of  the  cortical 
motor  centre  of  the  movements  of  the  tongue,  and  tremor  of  the 
tongue  is  a  symptom  of  progressive  muscular  atrophy  and  bulbar 
paralysis. 


J 


DISEASES  OF  THE  MOTOR  CRAIHAL  NERVES. 


381 


Eulenburg  quotes  several  cases  of  lingual  spasm  observed  by 
various  authors.  In  a  case  observed  by  Fleury,  whenever  the 
patient  endeavoured  to  speak,  or  even  formed  the  intention  to 
speak,  the  muscles,  innervated  by  the  hypoglossal  nerve,  were 


Fio.  38. 


Flo.  38.  Diagram  of  the  Hfpogloual  Ifervt,  Ut  eonmteti&nt  and  braneha. 

H,  Hypoglossal  nerve.  P,  Pneamogastric  oerve. 

S,  Superior  cerrical  ganglion  of  the  aynipathetio.  L,  Lingual  nerve. 

IC,  lie,  IIIC,  The  three  upiwr  cervical  nerves. 

1,  Communicating  branches  from  by p< 'glossal  to  ganglion  of  the  tnmlc  of 

the  va^^u. 

2,  Connecting  filaments  with  the  loop  of  Brat  and  second  cervical  nerre*. 

3,  Branch  to  the  sympathetic. 

4,  Deaccndens  noni. 

6,  Branch  fMm  second  and  third  cervical  nerves  (commanicantea  nooi). 

6,  Branch  to  tbyro-hyoid, 

7,  Terminal  muACular  branches, 

8,  Communicating  branch  to  Ungual  branch  of  the  fifth. 
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thrown  into  a  state  of  clonic  or  tonic  convulsions.  In  a  case 
reported  by  Valleix,  the  tongue  vras  fixed  to  the  hard  palate  by 
a  tonic  spasm,  while  in  a  case  observed  by  Panthel  the  sterno- 
hyoid, thyro-iiyoid,  and  sterno-tliyroid  muscles  were  affected 
with  clonic  spasms,  which  could  be  temporarily  suppressed  by 
local  pressure  on  the  muscles.  Fibrillary  contractions  of  the 
lingual  muscles  occur  in  connection  with  progressive  muscular 
atrophy  and  bulbar  paralysis. 

§  248.  Paraiyaia  of  the  Muscles  supplied  by  the  Hypojloaaal 
Nerve  (Qlosaoplegia). 

Etiology. — Paralysis  of  the  muscles  of  the  tongue  is  frequent 
in  cerebral  affections,  but  rare  as  the  result  of  peripheral  lesions. 
The  tongue  is  usually  implicated  in  hemiplegia  from  ha.'mor- 
rhage,  embolism,  and  other  lesions  in  the  hemispheres  and 
basal  ganglia.  Paralysis  of  the  tongue  is  also  a  frequent  symp- 
tom of  bulbar  paralysis  and  progressive  muscular  atrophy  ;  and 
injury  of  the  upper  part  of  the  vertebral  column,  as  fracture 
of  the  atlas,  may  implicate  the  hypoglossal  nerve.  Paralysis  of 
this  nerve  may  also  occur  in  the  advanced  stage  of  tabes 
dorsalis  (Vidal,  Cuffor),  and  in  secondary  descending  sclerosis, 
when  the  ganglion  cells  of  the  hypoglossal  nuclei  are  implicated 
(Grasset).  The  nerve  may  be  injured  in  its  peripheral  course 
by  tumours  and  other  lesions  at  the  base  of  the  brain,  or  by 
extracranial  tumours,  and  by  wounds  aod  other  injuries. 

Symptom.8. — In  unilateral  paralysis  very  little  is  observed 
when  the  tongue  is  in  a  state  of  repose ;  but  when  it  is  pro- 
truded the  tip  is  seen  to  deviate  to  the  paralysed  side  in 
consequence  of  the  predominance  of  the  action  of  the  healthy 
genioglossus  which  directs  the  tip  of  the  tongue  to  the  opposite 
side.  The  various  movements  of  the  tongue  can  only  be  im- 
perfectly or  not  at  all  performed  on  the  affected  side. 

When  the  paralysis  is  double  and  complete,  the  tongue  lies 
immovable  on  the  floor  of  the  cavity  of  the  mouth ;  it  is  re- 
laxed, often  atrophied,  with  its  surface  wrinkled,  and  frequently 
presenting  slight  fibrillary  contractions  of  lin  surface. 

If  the  paralysis  is  incomplete,  the  tongue  can  be  protruded ; 
but  complicated  movements,  such  as  raising  the  tip  to  the  roof 
of  the  mouth,  are  impossible.     Mastication  is  to  some  extent 


DISEASES  OF  THE  MOTOR   CRANIAL   NERVES. 


383 


interfered  with,  because  the  food  can  no  longer  be  rolled  about 
in  the  mouth  and  placed  between  the  teeth  ;  whilst  deglutition 
is  impeded,  because  the  bolus  cannot  be  properly  collected  on 
the  dorsum  of  the  tongue  and  pushed  backwards  into  the 
pharynx.  The  consequence  is  that,  during  deglutition,  food 
and  fluids  regurgitate  into  the  mouth,  and  the  patient  is 
annoyed  by  the  constant  accumulation  of  saliva  in  the  mouth. 
Articulation  becomes  difficult  and  indistinct,  difficulty  being 
first  experienced  in  pronouncing  the  letters  s,  sch,  1,  e,  i,  and  at 
a  later  period  k,  g,  r,  &c. 
I  In  bilateral  paralysis  with  atrophy  of  the  tongue  speech 
becomes  completely  inarticulate  and  unintelligible ;  but  this 
condition  must  be  carefully  distinguished  from  dumbness, 
aphonia,  aphasia,  and  stuttering.  Singing  ia  difficult  or  im- 
possible even  in  slight  degrees  of  lingual  paresis. 

Diagnosis. — The  diagnosis  of  lingual  paralysis,  as  a  rule, 
presents  no  difficulty.  The  nature  of  the  primary  lesion  must  be 
[  distinguished  from  the  concomitant  symptoms,  as,  for  instance, 
unilateral  paralysis  of  the  tongue  in  association  with  hemiplegia 
indicates  a  cerebral  origin ;  while  bilateral  paralysis  in  con- 
nection with  paralysis  of  the  lips  and  soft  palate  indicates  u 
bulbar  origin. 

Prognosis. — The  prognosis  will  depend  upon  the  nature  of 
the  primary  lesion. 
I  Treatinent. — The  treatment  must  first  be  directed  against 
the  primary  cause  of  the  paralysis.  Electricity  is  the  most 
useful  means  of  direct  treatment,  The  galvanic  or  faradic 
current  may  be  applied  directly  to  the  tongue  or  to  the 
hypoglossal  nerve  in  the  neck,  immediately  above  the  great 
coruu  of  the  hyoid  bone. 
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DISEASES  OF  THE  MIXED  CRANIAL  NERVES  (TRIGEMINUS, 
PNEUMOGASTRIC,  SPINAL  ACCESSORV). 

(I.)-DISEASE3   OF  THE   TRIGEMINAL   NERVE. 

The  sensory  portion  of  the  fifth  nerve  subdivides  into  three 
main  branches,  named  respectively  the  first,  or  ophthalmic; 
the  second,  or  superior  maxillary ;  and  the  third,  or  inferior 
maxillary,  the  last  being  joined  by  the  smaller  or  motor  root  of 
the  nerve.  The  terminal  distribution  of  the  diSerent  sub- 
divisions ia  represented  in  Fig.  36 ;  while  the  course  and 
branches  of  the  divisions  of  the  nerve  are  shown  diagramatically 
in  Fiya.  3G,  37,  and  38. 

§  249.  Functions. — The  sensory  fibres  of  the  nerve  confer 
sensibility  on  nearly  the  whole  of  the  head.  The  regions  of 
the  head  not  supplied  by  the  fifth  are  :  portions  of  the  pharynx, 
palate,  root  of  the  tongue,  the  Eustachian  tube,  the  tympanic 
cavity,  and  a  part  of  the  external  auditory  meatus  and  external 
ear  which  receive  branches  from  the  vagus  and  giosso-pharyngeal 
nerves  ;  whilst  a  portion  of  the  back  of  the  head  and  the  region 
of  the  parotid  are  supplied  by  the  cervical  spinal  nerves. 

Tht  linffual  branch  of  the  fifth  has  been  considered  to  be  the  epeoiil 
nerve  of  taste  for  the  anterior  two-thirds  of  the  tongue,  but  it  has  already 
been  pointed  out  that  the  fibres  presiding  over  this  function  join  it  from 
tbe  chorda  tympaui. 

The  motor  part  of  the  nerve  suppUes  the  temporal,  both  pterygoids, 
masseter,  mylo-hyoid,  and  tbe  anterior  belly  of  the  digastric. 

According  to  some  it  supplies  fibres  to  the  dilator  iridis  ;  whilst  the 
tensor  tympani  and  tensor  palati  receive  motor  filaments  from  the  otic 
ganglion. 
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Vato-motor  fibre*,  probably  of  sympathetic  origin,  run  in  the  trigemious 
for  the  conjunctiva  and  iris. 

Secretory  fibres  are  also  contained  in  it  for  the  lachrymal,  parotid,  and 
submaxillary  glands. 

Trophic  fibres  destined  for  the  eyeball  appear  to  be  contained  in  it, 
inasmuch  as  section  of  the  fifth  in  the  skull  causes  inflammation  and 
degeneration  of  that  organ.  It  is  also  said  to  contain  trophic  fibres  for 
the  cavity  of  the  mouth,  because  section  of  the  nerve  occasions  uloeration 
of  the  oral  mucous  membrane. 

Fio  39. 


Ntrra  of  tht  Face  and  Scalp 


1,  Attrabens  aiirem  muscle.  17, 

2,  Anterior  belly  of  oocipito-frontalu.  18, 

3,  Aiiriculo-temporal  nerve.  19, 

4,  Temixir&l  branches  of  facial  nerve  20, 

(7th).  21, 

5,  AttoUena  aorem  mnscle.  22, 

6,  Sapra-trocblear  nerve  |5th).  23, 

7,  Posterior  belly  of  occipito-frontalis,  24, 

8,  Sapra-orbital  nerve  (5tb',  V5, 
0,  Retrahena  aurem  muacle.  2(i, 

10,  Temporal   branch   of  orbital  nerve  27, 

(6tb).  28, 

11,  Small  occipital  nerve.  '■i'J, 

12,  Malar  branohe«  of  facial  nerve.  SO, 

13,  Posterior  aaricalar  nerve  (7 (hi. 

14,  Malar  branch  of  orbital  nerve  (5th)  31, 

(ramiu  sabcntaoens  mate).  32, 

15,  Great  occipital  nerve.  33, 

16,  lofra^orbital  branches  of  (aoial  nerve  34, 
(7th). 


(from  Hir«chfeld  and  LeveiUJ), 
Facial  nerve  (7th). 
Nasal  nerve  (5th  . 
Cervicofacial  division  of  7th. 
Infra-orbital  nerve  (ithl. 
Branches  to  diRastric  and  stylohyoid. 
Temporo-facial  division  of  7th. 
Great  anricular  nerve. 
Buccal  branches  of  facial  nerve. 
Trapezius. 

Buccinator  nerve  (Sth). 
8pleniiis  capitis. 
Masseter. 
Stemo-mastoideua. 
Supra-maxillary   branches  of   facial 

nerve  (7th). 
SuperKcial  cervical  nerve. 
Mental  nerve  (5th|. 
riatysma. 
Infra-maxillary    branches   of   facial 

nerve  |7th). 
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§  250.  Anaesthesia  of  the  Trigeminus. — Anasstheeia  of  tb« 
fifth,  or  of  one  or  more  of  its  branches,  may  be  caused  by  patho- 
logical changes  in  the  nerve  or  ganglion,  intracranial  tumours, 
diseases  of  the  bones,  vessels,  and  membranes  of  the  brain, 
fractures  of  the  skull,  and  wounds  of  the  head.  It  iB  scarcely 
necessary  to  point  out  that  the  lesion  may  be  situated  in  any 
part  in  the  course  of  the  nerve  from  its  deep  origin  in  the 
nuclei  of  the  floor  of  the  fourth  ventricle  to  its  final  distribution. 
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§  251.  Syviptoms. — When  all  the  branches  of  the  nerve  are 
affected,  one  aide  of  the  face,  part  of  the  ear,  the  skin  of  the 
temple  and  fore  part  of  the  head,  the  conjunctiva,  cornea,  nasal 
and  oral  raucous  membranes,  the  tongue,  gums,  and  part  of  thejj 
pharynx  are  all  rendered  more  or  less  completely  insensiti 
on  the  affected  side.  When  the  patient  puts  a  cup  to  his  11 
it  gives  him  the  impression  of  being  broken,  as  he  can  only  feelj 
with  one  half  of  the  lip ;  violent  eccentric  pains  may  aUo 
felt  (anaesthesia  dolorosa).  The  movements  of  mastication  are 
affected  when  the  motor  root  is  implicated ;  and  although  the 
muscles  supplied  by  the  seventh  are  not  paralysed,  yet  the 
facial  movements  on  the  antesthetic  side  are  often  slow  and 
imperfect.  When  the  anjesthesia  is  of  peripheral  origin  reflex 
actions  are  abolished. 

The  skin  of  the  face  is  cold,  and  often  of  a  bluish  colour.  The 
gums  of  the  affected  side  are  spongy,  the  mucous  membrane 
of  the  mouth  and  nose  of  that  side  may  ulcerate  and  bleed, 
and  neuro-paraiytic  ophthalmia  may  occur.  Irritation  of  the 
nasal  mucous  membrane  by  ammonia  or  snuff  does  not  excite 
a  reflex  action ;  and  the  sense  of  smell  on  the  same  side  is  also 
diminished,  probably  owing  to  dryness  of  the  Schneideriao 
membrane.  The  sense  of  hearing  is  unaffected  provided  th 
tensor  tympani  be  not  paralysed,  but  the  sense  of  taste  is  loaj 
in  the  anterior  two-thirda  of  the  anaesthetic  side  of  the  tongue.' 
The  extent  of  the  anaesthesia  will  of  course  vary  according  to 
the  seat  of  the  disease,  and  it  may  sometimes  be  limited  to  th< 
area  of  distribution  of  a  single  branch  of  the  nerve. 


§  252.  Diagnosis. — ^The  chief  difficulty   in  diagnosis  is  to' 
discover  the  locality  of  the  primary  lesion,  and  more  ejspeciall 
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to  determine  whether  the  affection  be  of  peripheral  or  central 
origin.  The  following  rules  laid  down  by  Romberg  may  be  of 
use  in  determining  this  question  : — 

(o)  The  more  the  anaisthesia  is  confined  to  single  filaments  of 
the  nerve,  the  more  peripheral  will  be  the  lesion. 

(b)  If  the  anaesthesia  is  found  in  a  portion  of  the  face,  and 
in  the  oral  cavity,  the  disease  may  be  inferred  to  affect  the 
sensory  fibres  of  the  fifth  before  it  divides;  or,  in  other  words, 
a  main  division  must  be  affected  before  or  after  its  passage 
through  the  cranium. 

(c)  When  the  distribution  is  diffused  over  the  entire  area  of 
distribution  of  the  fifth,  and  there  are  concomitant  trophic 
changes,  the  Qasserian  ganglion,  or  the  nerve  in  its  immediate 
vicinity,  is  the  seat  of  the  disease. 

(d)  If  the  anaesthesia  of  the  fifth  nerve  be  complicated  with 
disturbed  function  of  adjoining  cerebral  nerves,  as  the  third  or 
sixth,  or  white  atrophy  of  the  optic  nerves,  then  the  disease 
may  be  inferred  to  be  situated  at  the  base  of  the  brain. 

(e)  The  diagnosis  of  true  central  anaesthesia  of  the  fifth  is 
established  by  the  coincident  affections  of  other  nerves  of  the 
face,  trunk,  and  extremities. 

§  253.  The  treatment  of  ansEsthesia  of  the  fifth  nerve  must 
be  conducted  on  the  same  principles  as  that  of  other  forms  of 
anaesthesia,  i.e.,  by  endeavouring  to  remove  the  cause,  and 
by  direct  treatment.  In  applying  electricity  to  the  face  the 
usual  precautions  must  be  taken  not  to  use  too  strong  a  current. 

§  254.  Neuralgia  oftiie  Fifth  Nerve  (Trigeminal  Neuralgia). 
Trigeminal  neuralgia  consists  of  paroxysms  of  neuralgic  pain 
in  the  region  of  distribution  of  the  fifth  nerve  or  of  some  of  its 
branches. 

§  255.  Etiology. — The  general  causes  of  neuralgia  of  the  fifth, 
being  the  same  as  the  general  causes  of  all  forms  of  neuralgia,  they 
need  not  be  recapitulated.  The  female  sex  appears  to  be  more 
susceptible  to  trigeminal  neuralgia  than  to  any  other  superficial 
form  of  the  disease,  except  mammary  neuralgia.  It  also  occurs 
more  frequently  than  any  other  furm  of  neuralgia  in  epileptic 
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families.  Anaemia,  arterial  degeneration,  wounds,  cicatrices,  and 
diseases  of  neighbouring  tissues,  exercise  the  same  influence  in 
neuralgia  of  the  fifth  as  in  the  neuralgias  of  other  nerve  terri- 
tories. The  passage  of  this  nerve  through  bony  canals,  however, 
renders  it  very  liable  to  be  implicated  in  various  aifectioaa  ol 
the  hones  and  periosteum.  Aneurism  of  the  internal  carotid 
has  been  known  to  cause  intractable  neuralgia  by  pressure  on 
the  Gasserian  ganglion,  The  important  special  causes  of  facial 
neuralgia  are  peripheral  irritations,  as  carious  teeth,  retarded 
appearance  and  false  development  of  the  wisdom  teeth,  disease 
of  the  nasal  and  frontal  sinuses,  and  over-exertion  of  the  eye 
the  last  of  which  was  regarded  by  Dr.  Anstie  as  the 
fruitful  cause  of  trigeminal  neuralgia 

Neuralgia  of  the  fifth  may  also  be  caused  by  injury  of  remota 
nervea  Dr.  Anstie  observed  one  case  in  which  injury  to  ^| 
occipital  and  another  to  the  ulnar  nerve  seemed  to  have  cauwa 
neuralgia  of  the  fifth.  Intestinal  worms,  and  various  genital 
irritations  in  both  sexes,  excessive  mental  strain,  and  especially 
severe  emotional  disturbances,  may  be  mentioned  as  amongsl 
the  most  important  of  the  indirect  exciting  causes  of  trigemi 
neuralgia. 


eyea 


§  256.  Symptoms. — The  attack  may  come  on  suddenly, 
the  patients  often  complain  for  hours  or  days,  before  the  actual 
paroxysm,  of  feelings  of  pressure  and  tension,  stiflFness,  itching, 
and  formication  on  the  aide  of  the  face  threatened  with  the  attack ; 
while,  in  other  instances,  the  attack  is  preceded  by  a  gene 
feeling  of  malaise,  shivering,  and  flying  pains  about  the 
During  the  attack  continuous  pain  is  felt  throughout  the  whc 
of  the  affected  region,  being  now  and  then  interrupted  bj 
lightning-like  darts  of  pain.  In  the  more  severe  cases  thfl 
lightning-like  darts  recur  so  frequently  as  to  give  rise  to  inoK 
or  less  constant  pain,  intolerable  in  its  severity,  and  defying 
description.  The  paroxysms  recur  at  varying  intervals,  accor 
to  the  nature  of  the  case,  the  slate  of  the  general  health, 
season  of  the  year,  and  various  other  circumstances.  In 
of  great  severity  the  slightest  external  injury,  as  a  draught  of 
cold  air,  washing  or  shaving  the  face,  sneezing,  or  any  slight 
emotional  disturbance,  may  induce  a  paroxysm  of  the  disea 
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Painful  points  are  observed  during  the  attacks,  and  some- 
times even  in  the  periods  of  intermission,  corresponfHng  gene- 
rally to  the  localities  where  the  nerve  becomes  more  superficial, 
either  in  issuing  from  a  bony  canal,  or  in  penetrating  fascia?. 

The  concomitant  symptoms  of  trigeminal  neuralgia  are  more 
numerous  and  varied  than  those  of  any  other  form  of  the  disease. 
Irradiation  of  the  pain  to  other  nerve  territories  usually  accom- 
panies a  severe  paroxysm. 

When  one  branch  of  the  fifth  is  affected,  the  pain  extends 
during  the  paroxysm  to  the  other  branches  of  the  same  nerve, 
or  to  the  occipital  nerves,  and  it  may  extend  in  severe  cases  to 
the  neck,  shoulders,  any  part  of  the  area  of  distribution  of  the 
intercostal  nerves,  especially  the  mammary  gland.  lu  some 
cases  it  may  even  extend  to  the  extremities. 

Eitlier  hjper(vsthesia  or  ancestliesiii  of  the  skin  of  the 
affected  part  is  almost  always  present,  the  rule  beiug,  although 
it  is  not  without  exceptions,  that  hyperaathesia  is  observed  in 
recent,  and  anaesthesia  in  chronic  cases. 

Bisiurbayices  of  tlte  orgatia  of  special  sense  have  in  some 
rare  instances  been  observed.  Photopaia,  amblyopia,  and  even 
amaurosis,  along  with  certain  disorders  in  the  sense  of  hearing, 
have  been  described  by  some  authors  as  the  result  of  facial 
neuralgia.  Affections  of  the  gustatory  and  olfactory  nerves 
also,  are  occasionally  mentioned. 

Spasm  of  wiriotis  muscles  is  the  most  usual  concomitant 
motor  phenomenon,  and  the  muscles  supplied  by  the  facial 
nerve  suffer  most.  The  contraction  of  the  facial  muscles  some- 
times appears  in  the  form  of  blepharospasm,  sometimes  as  a 
contraction  of  the  muscles  at  the  angle  of  the  mouth,  or  as 
true  convulsive  tic.  Both  tonic  and  clonic  spasms  of  the 
muscles  of  mastication  have  been  observed,  but  these  cases  aro 
rare,  and  paralysis  of  the  muscles  is  still  rarer.  Spasmodic 
movements  of  the  tongue  have  been  observed  in  some  severe 
paroxysms.  These  spasms  may  extend  to  the  muscles  of  the 
whole  body,  and  in  hysterical  subjects  a  neuralgic  paroxysm 
may  be  the  starting  point  of  general  convulsions.  Paralysis  of 
some  of  the  ocular  muscles  has  been  described  in  connection 
with  facial  neuralgia,  but  it  would  probably  be  found  that  such 
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cases,  if  carefully  investigated,  had  been  caused  by  the  pressure 
of  an  intracranial  tumour  on  the  cavernous  sinus. 

Vaso-motor  disturbances  are  of  common  occurrence.  In  the 
first  stage  of  the  attack  the  affected  side  of  the  face  presents  an 
abnoroial  pallor;  but  at  a  subsequent  stage  the  pallor  is  re- 
placed by  an  intense  red,  the  skin  presenting  a  polished  appear- 
ance with  slight  oedematous  swelling.  The  redness  extends  to 
the  mucous  membranes  supplied  by  the  fifth,  and  the  conjunctiva 
is  specially  affected  and  presents  a  high  degree  of  hypersemia. 
Visible  perspiration  and  strong  pulsation  of  the  carotid,  facial, 
and  temporal  arteries  of  the  afiected  side  of  the  face  may  also 
be  observed  during  the  attack.  ■ 

Secretory  disturbances  are,  as  might  have  been  anticipated, 
also  common,  and  increase  of  the  lachrymal  secretion  is  by  far 
the  most  frequent  of  these.  Both  the  lachrymal  and  orbital 
nerves  are  known  to  contain  secretory  fibres  for  the  lachrymal 
gland  ;  and  irritation  of  the  sensory  branches  of  the  first  and 
second  divisions  of  the  fifth  increases  the  flow  of  tears  by  reflex  ■ 
action.  Augmented  salivary  secretion  is  sometimes  present, 
and  occasionally  there  is  an  increased  secretion  from  the  nasal 
mucous  membrane  of  the  affected  side. 

Trophic  disturbances  are  of  various  forms  in  connection  with 
trigeminal  neuralgia.  The  most  usual  of  these  are  swelling  of 
the  face,  changes  in  the  colour  and  texture  of  the  hair,  herpetic 
eruptions,  erysipelas,  subacute  inflammation  of  the  periosteum 
and  of  the  fibrous  membranes  in  the  neighbourhood  of  the 
painful  points,  neuroparalytic  ophthalmia,  and,  according  to 
Anstie,  iritis  and  glaucoma. 

The  psychical  disturbances  present  are  mental  irritability 
and  despondency,  and  occasionally  patients,  in  order  to  escape 
from  the  severe  suffering,  have  committed  suicide.  The  great 
suffering  and  sleeplessness  in  some  cases  lead  to  impairment  of 
nutrition  and  exhaustion. 
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VARIETIES  or  TRIGEMINAL  NEURAXOIA. 
§  257.  Neumlgia  of  the  First  Branch  of  the  Fifth  (Oph- 
thalmic Neuralgia). — The  several  branches  of  the  ophthalmic 
division  of  the  fifth  nerve  may  either  all  be  affected  or  the 
neuralgia  may   be  limited   to  some  particular  branch.     The 
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painful  points  in  connection  with  the  ophthalmic  division  of 
the  nerve  are  : — 

(1)  The  supra-orbUal  at  the  supm-orbitol  foramen,  or  a  little  higher, 
in  the  course  of  the  frontal  nerve  ;  (2)  the  palpebral,  in  the  upper  eyelid ; 
(3)  the  ncua2,  at  the  point  of  emergence  of  the  long  nasal  branch,  at  the 
junction  of  the  nasal  bone  with  the  cartilage  ;  (4)  the  aailar,  a  somewhat 
indefinite  focus  within  the  globe  of  the  eye,  when  the  ciliary  nerves  are 
affected  ;  (6)  the  trochlear,  at  the  inner  angle  of  the  orbit 

Supra-orbital  neuralgia  is  the  form  which  generally  results 
from  exposure  to  cold;  and  it  is,  also,  almost  the  exclusive  seat 
of  malarial  neuralgia.  The  characteristic  features  of  this  form 
of  the  affection  are  pain  in  the  forehead  extending  do w  awards 
to  the  upper  eyelid  and  root  of  the  nose,  hyperaemia  of  the  con- 
junctiva, lachrymation,  and  in  almost  all  instances  there  is  a 
well-marked  painful  spot  at  the  supra-orbital  foramen. 

Fig.  40. 


Fio.  40  (after  Flower).- 
Finit  diviaion  of  the  fifth : 

SO,  Sopn  orbitsL 

8T,  Supnt  trochlear. 

IT,  lofra  trochleu-. 

L,  Lachrymal. 

N,  Nasal 
Second  dimion  of  the  fifth : 

10,  Infraorbital. 

TM,  Tempore  malar. 


-Scntory  Nemt  of  the  Head  a»d  Face. 
Third  division  of  the  fifth  : 
B,  Buccal. 
M,  Mental. 

AT,  Anriculo  temporal. 
Branches  of  the  cervical  plexus  : 
GO,  Great  occipital. 
S'O',  Small  occipital 
GA,  Great  auricular. 
SC,  Superficial  cervical 
IIIC,  Third  cervical 
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§  258.  Neuralgia  of  Hie  Second  Division  of  the  Fifth  Ne 
(Supra-maxillary  Neuralgia). — When  all  the  branches  of  the 
nerve  are  affected  the  pain  is  situated  in  the  cheek,  eyelid, 


Fig.  41 


Fio.  41    (From  Hermann's  "Yhrnolotiy").— Diagram  of  tkt  Steoitd  fSupiriar 

ilaxitlaryj  Divition  of  the  Fifth  yerve,  iU  eonntetioiu  and  chirf  brancka. 
V,  PUc«d  over  Gwserian  ganglion. 

a.  First  or  oiibtholmio  diviaion,  with  d  itifroutil,  t  iti  laekrymal,  and/  ila 

na9al  brancneB. 
6,  Second  or  superior  maxillaiy  division,  branches  of  which  are  marked  aa 
(oUows : — 

1,  Ita  terminal  branches,  luunl,  tahial,  and  nalpthral. 

2,  Recurrent  branch  to  the  dura  mater,  and  middle  meningeal  artery. 
S,  Orhilal  branch. 

4  is  placed  between  the  two  ipheno-palatine  branches  (which  descend  to 
Mockel's  ganglion). 

5,  Dental  branches, 
MG,  MtH^kel's  ganglion. 

6,  The  Vidian  nerve  (constituting  the  motor  and  sympathetio  root  nt 

Meckel's  ganglion', 

7,  The  great  tuperjieiat  petroial  nerve,  from  the  geniculate  ganglion  of  the 

facial  nerve,  joining  the  Vidian. 

8,  The   tpmpnthetic   branch    from    the  plexus    on    the   carotid   artenr, 

joining   the   great  luperficiat  petrutat,    and    forming    with    it    IM 
Vidian  nerve. 

9,  Ascending  branches  of  Meckel's  ganglion. 

10,  Descending  palatine  branches. 

11,  Naso-palatine  branch 
13,  Upper  nasal  branches, 
IS,  Pnarynveal  branch. 

F,  Facial  nerve,     CA,  Carotid  artary.      IF,  Infra-orbital  foramen. 
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lateral  portion  of  the  nose  and  upper  lip  (infra-orbital  nerve), 
in  the  zj?gomatic  arch  and  anterior  temporal  region  (orbital 


Fig.  42. 
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FA 


SC 


Fio.  42    (From   Hermann's    "  Phyniology "). — Diagram  of  the    Third  (Inferior 
Maxillary) Dixitiun  of  the  Fifth  Nerve,  its  connectiont  a)ui  chitf  braneha. 

V,  Fifth  nerve,  i,  Its  Urgent  seoaor^  root,  with  the  Gamerian  ganglion. 

a,  It«  smaller  motor   root  joming  t,  the  third  division  of  the  Guierian 
ganglion,  to  form  the  inferior  maxillary  nerve. 

A,  Anterior  division  of  inferior  maxillary  nerve  (mainly  motor)  snppljriDg 

branches  to  the  mtucles  of  mastication,  and  a  terminal  bvecal  orancli 
to  the  mucous  membrane  of  the  mouth. 

B,  Posterior  clivisiim  (mainly  sensory) ;  its  branches  are  marked — 

1,  Lingual  nerve  ;  V,  Branches  to  the  tongue. 

2,  Inferior  dental  nerve  ;  Q!,  Its  twigs  to  the  teeth  ;  2",  Incisor  branch  ; 
2"'    Mental  branch. 

3,  Mylo-hyoid  branch  to  digastric  and  mylo-byoid. 

4,  Auriculo-temporal  nerve. 

f.  Facial  nerve,   ct.  Its  chorda  tymjmni  branch,  joining  the  lingual,  and  ranning 
to  the  submaxillary  ganglion  SG,  of  which  it  forms  the  motor  root. 
OG,  Otic  ganRlion  : 
up.  Small  tuperjtcial  pttrotal  nerve,  connecting  otic  |7'in|7fi'nn  and  facial  nerve. 
M,  Middle  meningeal  artery,  from  the  plexua  upon  which  sympathetic  filaments 
pass  to  the  otic  ganghon  ; 
ftp.  External  tuperficial  petrotal  nerve,  connecting  the  plexus  on  the  middle 
meningeal  artery  with  the  facial  nerve  ; 
gtp,  Ortat  tuperficial  petrotal  nerve,  connecting  the  facial  with  Meckd't 
ganglion. 
FA,  Fiuiial  artery,  from  the  plexus  upon  which  sympathetic  fila- 
ments pass  to  the  submaxillary  ganglioiL 
FO,  Foramen  ovale.      MF,  Mental  foramen. 
SG,  Sabmaxillary  ganglion. 
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nerve),  in  the  upper  row  of  teeth  (dental  branches),  in  the 
nasal  cavities  and  gums  (naso-palatine  and  posterior  palatine 
nerves). 

Infra-orbital  neuralgia  is  the  most  common  variety  affecting 
the  second  division  of  the  nerve,  and  it  is  also  the  severest  of 
all  the  forms  of  facial  neuralgia  limited  to  one  branch  of  the 
fifth  nerve.  The  characteristic  pain  is  localised  in  the  cheek, 
upper  lip,  upper  row  of  teeth,  and  neighbourhood  of  the  zygo- 
matic arch. 

The  painful  points  are  :  (1)  The  infra-orbital,  corresjwnding  to  the 
emergence  of  the  nerve  of  that  name  from  its  bony  canal  ;  (£)  the  malar, 
on  the  most  prominent  port  of  the  malar  bone  ;  (3)  a  vague  and  indeter- 
minate focua  somewhere  on  the  line  of  the  gum  of  tbe  upper  jaw  ;  (4)  the 
mptrior  labial,  also  vague  and  unimportant ;  (6)  the  palatine  point,  rarely 
observed,  but  occasionally  the  seat  of  intolerable  pain. 
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§  239.  Neuralgia  of  the  Third  Division  of  the  Fifth  Nerve 
(Infra-mcurillary  Neuralgia). — When  all  the  branches  of  this 
division  of  the  nerve  are  affected,  pain  occurs  in  the  region  of 
the  lower  jaw  and  lower  row  of  teeth  (inferior  dental  nerve),  in 
the  chin  (mental  branch),  in  the  tongue  and  mucous  membrane 
of  the  mouth  (lingual  nerve),  in  the  cheek  (buccal  nerve),  in  the 
temporal  region,  anterior  part  of  the  auricle  of  the  ear,  and 
external  auditory  meatus  (auriculo -temporal  nerve). 

The  painful  points  are  :  (I)  Tht  rem^>oraI,  apointontheauriculo-t«niponJ 
branch,  a  httle  in  front  of  the  ear  ;  (2)  the  inferior  iUiUal  point,  oppoeit« 
the  point  of  emergence  of  the  nerve  of  that  name  ;  (3)  the  lineal  point 
on  the  aide  of  the  tongue,  but  it  is  rarely  met  with  ;  (4)  the  inferior  labial 
point,  also  rarely  observed.  Besides  the  painful  points  which  are  in  rela- 
tion with  distinct  branches  of  tbe  trigeminus,  there  is  a  point  situated  b 
little  above  tbe  parietal  emineaoe  which  is  more  commonly  affected  io 
facial  neuralgia  than  any  other  point.  ITte  parietal  point  corresponds  to 
tbe  inosculation  of  various  branches  of  the  nerve. 

The  cases  of  facial  neuralgia  which  have  been  described  by 
Trousseau  under  the  name  of  "Epileptiform  Neuralgia,"  and 
which  Benedict  regarded  as  the  only  true  examples  of  "  tic 
doidoiireux,"  are  extremely  severe  and  obstinate.  Pains  of  the 
most  violent  and  lightning-like  nature  succeed  each  othex  with 
the  greatest  rapidity  for  a  few  seconds  or  minutes,  and  then 
suddenly  vanish.     But  these  short  attacks  may  recur  and  follow 
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each  other  in  quick  succession  for  a  period  of  hours,  days,  or 
even  weeks ;  then  follows  a  respite,  and  the  paroxysm  disappears 
for  days,  weeks,  or  even  years,  although  relapses  are  sure  to 
take  place  after  a  longer  or  shorter  time.  This  form  of  neuralgia 
is  of  centric  origin  ;  it  occurs  in  families,  manifesting  a  proclivity 
to  psychoses,  and  is  frequently  accompanied  by  epilepsy  :  or 
it  is  associated  with  a  high  degree  of  excitability  and  with 
strongly-marked  meatai  activity.  The  prognosis  of  this  form  of 
neuralgia  is  unfavourable,  although  not  so  grave  as  Trousseau 
believed  it  to  be. 

§  2C0.  Course,  Duration,  and  Terminationa. — The  slighter 
forms  of  facial  neuralgia  may  last  a  few  hours  only, but  the  severer 
forms  of  tic  douloureux  continue  to  affect  the  patient  for  the 
remainder  of  his  life.  The  great  majority  of  cases  terminate 
in  recovery,  the  most  favourable  being  those  which  arise  from 
malaria,  exposure  to  cold,  rheumatism,  or  anssmia.  The  un- 
favourable cases,  on  the  other  hand,  are  those  in  which  there  is  a 
well  marked  hereditary  predisposition,  especially  if  the  patient, 
or  some  members  of  his  family,  be  epileptics,  or  those  which 
come  on  at  a  late  period  of  life,  associated  with  arterial  de- 
generation of  arteries.  The  disease  is  incurable  when  it  occurs 
from  severe  organic  affections,  and  also  in  some  of  the  cases 
which  Trousseau  has  called  epileptiform  neuralgia. 

§  261.  Diagnosis. — Facial  neuralgia  may  be  confounded  with 
toothache,  but  in  the  latter  the  pain  is  continuou.s,  and  one  or 
more  of  the  teeth  will  be  found  carious,  and  sensitive  to  cold  and 
mechanical  shock.  It  may  also  be  mistaken  for  inflammation  of 
the  facial  bones,  and  of  the  membranes  lining  the  antrum  and 
frontal  sinuses,  but  in  these  cases  there  must  be  some  degree  of 
tumefaction  and  general  tenderaess  to  pressure,  while  the  situa- 
tion and  kind  of  pain  do  not  correspond  to  that  of  any  of  the 
branches  of  the  fifth  nerve.  Hysterical  clavus  is  distinguished 
from  neuralgia  by  being  limited  to  one  spot  from  which  the 
pain  does  not  radiate,  and  by  the  presence  of  otlier  hysterical 
symptoms. 

In  anseraic  or  dyspeptic  headache,  the  pain  has  no  fixed 
position,  it  is  deep-seated,  dull,  tensive,  and  does  not  increase 
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in  paroxysms ;  while  in  migraine  the  pain  is  deeply  seated  in 
the  skull,  pulsating,  accompanied  by  vomiting  and  much  mental 
irritability,  and  does  not  correspond  with  any  special  branch  of 
nerve. 

It  is  important  to  distinguish  between  neuralgia  of  peripheral 
and  of  central  origin.  Limitation  of  the  pain  to  a  definite 
branch  of  the  nerve,  the  presence  of  some  manifest  peripheric 
cause,  the  possibility  of  cutting  short  the  attack  by  remedies 
applied  to  the  periphery,  and  the  pre&ence  of  painful  points  ia  fl 
the  intervals  between  the  paroxysms  may  be  taken  as  signs  that 
the  disease  is  of  peripheral  origin.  Lancinating  pains,  localisa- 
tion in  bones,  widely  distributed  reflex  contractions,  general 
hypersesthesia,  and  well  marked  mental  irritability,  disorders  of 
other  cerebral  nerves,  and  absence  of  painful  points  in  the  in- 
tervals between  the  attacks,  may  be  taken  as  indications  of  tho 
central  origin  of  the  disease. 


§  262.  Treatment, — The  treatment  of  facial  neuralgia  must 
be  conducted  on  the  broad  principles  already  described,  while 
treating  of  the  subject  of  general  neuralgia;  and  it  is  only 
necessary  at  present  to  mention  a  few  special  points  with  respect 
to  the  treatment  of  individual  cases.  In  cases  of  supra-orbital 
neuralgia  of  malarial  origin,  large  doses  of  quinine  constitute 
the  most  effectual  remedy,  and  often  do  good  in  other  cases. 
One  large  dose  of  a  scruple  may  be  administered,  or  four  grains 
may  be  given  every  four  hours  until  the  pain  is  relieved,  or 
until  headache  and  noises  in  the  ears  render  it  necessary 
to  desist. 

If  the  neuralgia  be  caused  by  osteitis,  periostitis,  or  neuritis 
from  any  other  cause,  an  energetic  antiphlogistic  treatment 
must  be  adopted  ;  and  in  rheumatic  cases  diaphoresis  and  the 
internal  administration  of  colchicum  and  opium,  or  salicylate 
of  soda  should  be  adopted.  Every  source  of  peripheral  irrita- 
tion should  be  removed.  Amongst  the  most  usual  of  these 
are  carious  teeth,  foreign  bodies  pressing  and  injuring  nerves, 
cicatrices,  tumours,  and  neuromata,  and  the  removal  of  tbesi 
often  leads  to  speedy  recovery.  Great  attention  should  be  paid 
to  the  general  health,  more  especially  if  anoimia  or  hereditary 
predisposition  be  present. 
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Electricitif. — The  constant  current  has  been  found  very 
successful  in  the  treatment  of  obstinate  neuralgias.  In  peri- 
pheral neuralgia  of  isolated  superficial  nerves  the  direction 
method  may  be  employed,  and  a  descending  stabile  current 
passed  through  the  painful  nerve.  When  the  polar  method  is 
used,  the  anode  is  to  be  placed  on  the  specially  painful  points 
and  held  stationary  there,  whilst  the  cathode  rests  on  the  back 
of  the  neck,  or  on  any  other  indifierent  part  of  the  body. 
When  the  deeper-seated  nerves,  as  the  infra-orbital  and 
lingual,  are  affected,  the  anode  may  be  placed  on  the  neck  or 
behind  the  ear,  and  the  cathode  over  the  point  of  emergence  of 
the  affected  nerve.  In  order  to  reach  the  main  divisions  of  the 
nerve  at  the  base  of  the  cranium,  and  after  their  emergence 
through  the  foramina  of  the  sphenoid  bone,  the  current  may  be 
conducted  transversely  through  the  base  of  the  skull  at  the 
appropriate  spots,  the  anode  being  placed  on  the  painful  side. 
Benedict  recommends  that  in  severe  cases  galvanic  currents 
should  be  passed  longitudinally  and  transversely  through  the 
skull,  and  along  the  sympathetic  nerve. 

Faradisation  occasionally  answers  better  than  the  constant 
current  The  moist  poles  should  be  employed  and  applied  to 
the  painful  points  and  the  nerve  trunks.  Narcotics,  and  more 
especially  subcutaneous  injections  of  morphia,  are  useful  in  this 
as  in  all  other  forms  of  neuralgia.  It  may  be  advantageous  to 
change  sometimes  from  morphia  to  atrammonium,  hyoscyamus, 
or  belladonna,  and  each  must  be  given  in  increasing  doses. 

Trousseau  advised  the  treatment  of  epileptiform  neuralgia  by 
large  doses  of  opium  or  morphia.  In  some  cases  he  gave  as 
much  as  a  drachm  of  morphia,  or  two  or  three  of  opium  in  the 
course  of  the  day;  a  treatment  which  is  occasionally  successful, 
but  must  be  used  with  caution,  and  only  resorted  to  when 
all  other  methods  have  failed.  Ointments,  containing  opium, 
veratria,  aconitia,  or  equal  parts  of  chloral  hydrate  and  camphor, 
may  be  rubbed  into  the  skin  over  the  painful  nerve,  and  chloro- 
form, both  as  an  external  application  and  by  inhalation,  has 
been  found  useful. 

Quinine,  arsenic,  zinc,  nitrate  of  silver,  chloride  of  gold  and 
sodium,  strychnia,  carbonate  of  iron,  and  iodide  of  potassium 
are  the  most   useful  internal  remedies;  and  of  these  arsenic 
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is  by  far  the  most  generally  useful,  except  in  neuralgia  of 
malarial  or  syphilitic  origin,  in  which  case  quinine  or  iodide 
of  potassium  must  be  given  according  to  the  nature  of  the  case. 
Qelseminum  sempervirens,  best  given  in  the  form  of  tincture,  and 
croton  chloral  hydrate,  either  in  one  large  dose  of  a  scruple  or 
four  grains  every  four  hours,  have  also  been  found  useful ;  but 
in  my  experience  they  are  of  no  use  in  obstinate  cases.  When 
there  is  ancemia,  carbonate  of  iron  may  be  given  along  witb 
cod-liver  oil. 

Various  counter-irritants  have  been  employed,  but  they  do 
not  appear  to  give  much  relief,  and  as  they  cause  considerable 
pain  they  should  not  be  needlessly  employed. 

Patients  often  experience  great  relief  from  warm  fomentations 
and  poultices  ;  but  can  rarely  bear  the  application  of  cold.  In 
severe  cases  I  have  seen  the  constant  application  of  an  ice  bag 
of  temporary  use.  Continuous  pressure  may  be  tried  on  tbe 
nerve  at  the  painful  points. 

Sea-water  bathing,  thermal  vapour  baths,  and  "  cold  wai 
cures"  are  often  followed  by  favourable  results.  In  intractable 
cases,  when  all  other  methods  have  failed,  recourse  must  be  had 
to  neurotomy  or  neurectomy ;  but,  although  in  many  cases  im- 
mediate relief  is  afforded,  the  pains  return  in  about  three  mouths, 
and  the  operation  has  to  be  repeated. 

§  263.  Trophic  Affections  in  the  Territory  of  the  Trigeminua, 
Herpes  zoster  is  frequently  found  in  the  area  of  distribution  of 
single  branches  of  the  trigeminus.  The  eruption  is  generally 
unilateral,  although  in  some  cases  it  has  been  observed  on  both 
sides  of  tbe  face,  In  the  latter  cases  the  disease  was  distributed 
over  all  the  branches  of  the  trigeminus.  Neuralgia  may  or  may 
not  be  associated  with  herpes.  Herpes  in  the  region  of  tbe 
frontal  nerve  is  often  a  very  severe  affection,  being  ushered  in 
by  hemicrania,  or  general  headache,  or  frontal  neuralgia.  When 
descending  branches  of  the  nerve  are  affected,  the  eruption 
extends  over  the  upper  eyelid  and  the  side  of  the  nose,  and  the 
conjunctiva  becomes  implicated.  In  severe  cases  the  eyeball 
becomes  affected,  giving  rise  to  inflammation,  not  only  of  the 
conjunctiva,  but  of  the  cornea,  and  even  general  inflammation 
of  the  eyeball  may  result,  the  most  prominent  feature  being 
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iritis.  That  these  inflammatory  conditions  depend  upon 
irritation  of  the  trigeminus,  and  of  the  Gasserian  ganglion, 
has  been  proved  by  the  post-mortem  examinations  of  Wyss 
and  Kaposi,  who  found  evidence  of  neuritis  and  hjemorrhage 
in  the  ganglion.  Gerhardt  thinks  that  the  herpes  labialis,  which 
is  so  frequently  present  in  acute  diseases,  such  as  pneumoniai 
ia  due  to  irritation  of  single  branches  of  the  trigeminus,  caused 
by  sudden  dilatation  of  arteries  in  the  narrow  bony  canals 
through  which  the  branches  of  the  nerve  pass. 

§  264.  Simple  Glaucoma. — Donders  in  18C3  directed  atten- 
tion to  the  fact  that  simple  glaucoma  appeared  to  be  due  to 
irritation  of  the  secretory  fibres  which  are  conveyed  in  the 
trigeminus.  It  is  maintained  by  Wagner,  on  the  other  hand, 
that  the  intraocular  increase  of  pressure,  on  which  glaucoma 
depends,  is  caused  by  irritation  of  the  cervical  sympathetic,  in 
which  the  vaso-motor  nerves  are  conveyed.  He  thinks,  how- 
ever, that  increase  of  the  intraocular  pressure  may  be  caused 
in  a  refle.x  manner  by  irritation  of  the  sensory  trigeminus 
branches.  The  experiments  of  Hippel  and  Griiuhagen  show 
that  irritation  of  the  trigeminus  nucleus  in  the  medulla  oblon- 
gata is  followed  by  a  considerable  and  enduring  increase  of  the 
intraocular  pressure;  and  the  same  result  is  produced  by  the 
introduction  of  nicotine  into  the  eye  through  peripheral  trige- 
minal irritation.  According  to  these  experiments,  glaucoma 
may  be  produced  either  by  central  or  peripheral  irritation  of 
the  trigeminus.  The  increase  of  the  intraocular  pressure  is 
caused  by  increased  secretion  of  the  aqueous  humour.  The 
results  of  this  high  tension  are  that  the  iris  and  lens  are  pushed 
forwards,  and  the  internal  membranes  are  stretched.  The 
increase  of  pressure  in  the  globe  of  the  eye  frequently  observed 
in  different  forms  of  trigeminal  neuralgia,  with  wiiicb  a  certain 
amount  of  deficiency  of  accommodation  is  often  associated  ; 
I  the  previous  occurrence  of  neuralgia  of  the  external  facial 
branches  of  the  trigeminus,  of  ciliary  neuralgia  and  hemi- 
crania  in  simple  as  in  inflammatory  glaucoma,  the  return  of  the 
increased  intraocular  pressure  with  every  attack  of  neuralgia, 
are  decidedly  in  favour  of  the  dependence  of  glaucoma  upon 
irritation  of  the  trigeminus. 
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§  265.  NeuTO-jtaralytic  Ophthalmia. — It  was  first  shown  bj 
Majendie  that  intracranial  destruction  of  the  trigemiDiis  in 
rabbits,  especially  below  the  Gasserian  ganglion,  was  followed  by 
a  severe  nutritive  disturbance  of  the  eye  on  the  affected  sidei 

The  affection  begins  with  strong  congestion  of  the  conjunctival 
vessels,  followed  by  profuse  secretion  of  mucus  or  pus,  insen^fl 
bility  and  opacity  of  the  cornea,  redness  and  pseudo-raembranous 
exudation  of  the  iris.  In  from  five  to  ten  days  ulceration  and 
perforation  of  the  cornea  occurs,  which  is  followed  by  loss  of  the 
humours,  collapse  and  complete  destruction  of  the  eye. 

Cases  of  this  kind  have  been  observed  in  man  in  connectio 
with  complete  or  incomplete  anjesthesia  of  the  trigeminus. 

Three  suppositions  \a  ezplaaatioa  of  these  phenomena  are  possible  : 

(1)  That  the  lesion  of  the  eye  results  from  the  fact  that  the  presence 
antesthesia  does  not  enable  it  to  protect  itself  against  external  iujiu-y.  (2) 
That  it  is  due  to  paralysis  of  vaso-motor  fibres  contained  in  the  trigeminus. 
(3)  That  it  is  due  to  injury  of  trophic  fibres,  and  is  analogous  to  the 
cutaneous  trophic  affections  already  described.  The  first  supposition 
was  supported  by  Snellen  and  Biittner,  but  it  is  contradicted  by  the 
facts  that,  in  complete  auieathesia  of  the  eye,  this  affection  may  tail  to 
appear;  and,  conversely,  the  nutritive  afiection  may  appear  in  neuralgia  or 
partial  destruction  of  the  trigeminus  when  the  conjunctival  sensibility  is 
completely  maintained.  In  paralytic  lagophthalmos  from  paralysis  of 
the  facial,  when  the  eye  is  in  tUe  highest  degree  unprotected  from  eztersal 
sources  of  irritation,  the  severe  affection  observed  in  trigeminal  iojory 
altogether  fails. 

The  vaso-motor  theory  ii  rendered  improbable  by  the  facta  that  exti 
pation  of  the  superior  cervical  ganglion  not  only  does  not  cause  ophthali 
but  even  diminishes  the  consequences  which   follow   from  subaequent 
destruction  of  the  trigeminus  ;  or  improves  the  symptoms  already 
by  a  previous  injury  to  the  fifth  nerve  (Sinitzin). 

The  third  supposition,   attributing  the   ophthalmia  to  an  irritatioi 
of  trophic  fibres  which  probably  descend  from  the  Gasserian  ganglion,  is 
by  far  the  moat  probable. 

The  most  frequent  causes  of  this  affection  in  man  are  iutracrauial 
tumours  and  tubercular  meningitis,  which  attack  the  Qaaserian  gaugUoa 
or  invade  the  origin  of  the  fifth  nerve. 


§  2C6.  Spasm  in  the  Region  of  Distribution  of  the  Trigemi 
Nerve.    Masticatory  Spasm.     Trismus. 


In  masticatory  spasm  the  affection  is  limiteii  to  the  muscles 
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supplied  by  the  motor  division  of  the  fifth  nerve.     The  spasm 
may  be  either  tonic  or  clonic,  and  it  is  as  a  rule  bilateral. 

In  tite  tonic  variety  the  lower  jaw  is  approximated  to  the 
upper,  and  in  the  severe  form  of  the  aflfection  the  teeth  are  so 
powerfully  clenched  that  they  cannot  be  separated  from  one 
another  by  force,  constituting  the  condition  termed  lock-jaw  or 
trismus.  The  muscles  of  the  jaw  are  tense,  rigid,  often 
painful,  and  mastication  is  impossible. 

In  tlie  clonic  form  the  lower  jaw  is  moved  either  in  a  vertical 
or  horizontal  direction  ;  the  former  giving  rise  to  chattering  of 
the  teeth,  as  in  the  cold  stage  of  ague,  and  the  latter  to  grinding 
of  the  teeth  accompanied  by  munching  movements.  The  de- 
pressors of  the  jaw  are  sometimes  subject  to  spasm,  which  is 
usually  of  the  tonic  variety.  Associated  symptoms,  depending 
on  the  primary  lesion,  are  also  usually  present.  The  most 
common  of  these  are  trigeminal  neuralgia,  toothache,  symptoms 
of  periostitis  of  the  lower  jaw,  and  various  cerebral  symptoms. 
The  sequeljB  to  masticatory  spasm  are  such  as  biting  of  the 
tongue  and  lips,  ulcerations  and  inflammation  of  the  gums 
and  mucous  membrane  of  the  mouth,  and  inanition  consequent 
upon  deficient  supply  of  nourishment.  The  teeth  are  usually 
much  worn  in  the  clonic  variety  by  the  constant  grinding 
against  each  other,  and  they  may  evea  be  broken  by  the 
violence  of  the  spa.sm. 

Etiolojy. — Bilateral  masticatory  spasm  is  often  a  concomi- 
tant symptom  of  general  spasms,  such  as  tetanus,  epilepsy, 
eclampsia,  hysteria,  and  chorea.  At  other  times  it  occurs  as 
a  separate  symptom.  The  afifection  may  then  be  caused  by 
diseased  conditions  of  the  nerves  themselves,  such  as  neuritis, 
softening,  tumours ;  or  it  may  be  a  symptom  of  basal  meningitis, 
apoplexy,  intracranial  tumours,  and  other  central  afifections. 

Masticatory  spasm  also  frequently  results  from  reflex  irrita- 
tion. The  peripheral  irritation  may  either  be  in  the  region  of 
distribution  of  one  of  the  sensory  branches  of  the  fifth,  as  the 
variety  caused  by  carious  teeth ;  but  frequently  the  irritation 
is  at  a  diiitance,  as  in  the  extremities,  or  in  the  intestines  from 
the  presence  of  worms. 

■  Diagnosis. — The  tonic  form  might  possibly  be  mistaken  for 

■  anchylosis  of  the  lower  jaw,  but  the   two  affections   can  be 
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readily  distinguished  hy  a  careful   examination,  and  in  cases 
presenting  unusual  difEculties  chloroform  will  aid  the  diagnosis. 

Prognosis. — The   prognosis  is  generally  favourable  in  the 
forms  which   arise   from    exposure   to  cold,   and   from  reflei 
irritation  ;   but  it  is  unfavourable  ia  diseases  of  the  central 
nervous  system,  in  severe  general  convulsions,  and  especially  in  Mi 
tetanus.  ^ 

Treatment. — The  treatment  must  be  directed  to  the  removal 
of  the  cause  of  the  atfectioa  la  rheumatic  cases,  or  those 
which  arise  from  exposure  to  cold,  active  diaphoresis,  opium, 
and  iodide  of  potassium  may  be  tried.  In  reflex  masticatory 
spasm  the  peripheral  source  of  irritation  must  be  discovered 
and  removed. 

Electricity  is  the  most  valuable  agent  for  direct  treatment, 
and  the  usual  methods  of  applying  the  galvanic  or  faradio: 
currents  must  be  employed. 

Subcutaneous  iujection  of  morphia  is  very  useful ;  and  in! 
obstinate  cases   nervine  tonics   may  be  given,  such    as   zinc, 
arsenic,  or  iodide  of  potassium.     The  diet  must  be  carefully 
regulated,  and  it  is  requisite  to  give  nourishment  in  a  fluid  ^ 
form,  either  by  means  of  a  tube  introduced  through  a  space  inH 
the  teeth  or  through  the  nose,  or  by  the  use  of  nutritive  enemata. 

In  chronic  cases  an  attempt  has  been  made  gradually  to  _ 
separate  the  jaws  by  mechanical  means,  as  by  the  daily  intro-^ 
duction  of  progressively  thicker  wedges  of  wood  between  the 
teeth.  In  a  case  recently  under  ray  care,  which  resisted  ordinary 
treatment,  chloroform  was  administered,  and  the  jaws  forcibl; 
separated  by  means  of  a  gag.  The  spasm  did  not  subsequent!; 
recur. 
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§  267.  Paralysis  in  the  Region  of  Distribution  of  the  Fifth 
Neriv.  Masticatory  Paralysis. 
Etiology. — Paralysis  of  the  motor  branch  of  the  trigeminus 
is  rare  from  lesion  in  its  extracranial  course,  because  tlie  nerve 
is  so  deeply  situated  and  so  well  protected  from  injuries  and 
exposure  to  cold.  The  most  frequent  causes  of  masticatory 
paralysis  are  intracranial  lesions,  which  compress  the  motor 
branch  of  the  nerve  at  the  base  of  the  skull,  such  as  periostdt 
exostoses,  caries,  extravasations,  and  tumours  of  all  sorta. 
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Paralysis  of  this  nerve  is  also  caused  by  lesions  of  the  pons 
land  upper  part  of  the  medulla  oblongata  affecting  the  motor 
[root  of  the  trigeminus. 

Symptoms. — Where  the  paralysis  is  unilateral  there  is  diffi- 
culty or  impossibility  of  masticating  food  on  that  side,  and  the 
lateral  movements  towards  the  sound  side  are  rendered  impos- 
sible by  paralysis  of  the  pterygoids.  During  mastication  it  may 
»be  both  seen  and  felt  that  the  muscles  on  the  affected  side  do 
not  enter  into  contraction ;  while  those  of  the  opposite  side  may 
be  seen  to  swell  up,  and  feel  rigid  at  each  contraction. 

When  the  affection  is  bilateral  the  patient  suffers  great 
fatigue  during  mastication,  and  he  is  forced  to  eat  only  tluid 
and  pulpy  nourishment;  and  when  the  paralysis  is  complete 
the  lower  jaw  falls  down  with  its  own  weight.  At  ^ii^es  the 
jaw  may  be  fixed  by  secondary  contracture  of  the  paralysed 
B  muscles.  The  muscles  may  undergo  the  reaction  of  degeneration 
to  the  galvanic  and  faradic  currents,  and  the  paralysis  is  fre- 

Iquently  associated  with  atrophy  of  the  muscles. 
The  tensor  veli  palati  and  the  tensor  tympani  are  also  in- 
volved in  the  paralysis.  Unilateral  paralysis  of  the  tensor 
palati  gives  rise  to  elevation  of  the  palate  of  the  paralysed 
side  owing  to  the  action  of  the  levator  palati,  but  this 
condition  has  not  hitherto  been  observed  along  with  masti- 
catory paralysis.  Little  is  known  of  paralysis  of  the  tensor 
tympani,  although  Romberg  mentions  the  case  of  a  patient  who 
■  was  rendered  dull  of  hearing  on  the  paralysed  side ;  and 
Benedict  mentions  the  case  of  a  patient  who  suffered  from 
noises  in  the  ear  of  the  affected  side.  In  such  cases  there  is 
diminution  of  hearing  for  deep  tones,  which,  according  to  Luae, 
become  better  appreciated  when  the  masticatory  muscles  are 

»  contracted,  owing  to  the  tensor  tympani  participating  in  the 
action.  Masticatory  paralysis  is  rare  as  a  separate  affection. 
It  is  usually  associated  with  anassthesia  of  the  third  division,  or 
of  one  or  more  of  the  other  divisions  of  the  trigeminus,  and  with 
paralysis  of  the  third  and  other  nerves. 

B  The  diagnosis  does  not  present  any  difficulty  ;  the  prognosis 
varies  according  to  the  cause;  and  the  treatment  comprises  the 
ordinary  means,  such  as  electrisation  and  other  remedies. 
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{1L)-D1SEASES  OF  THE  VAGUS.  PNEUMOGASTRIC  OR  TENTH  ' 
CRANIAL  NERVK 

The  pneumogastric  has  the  longest  course  of  any  of  the 
cranial  nerves,  extending  through  the  neck  and  cavity  of  the 
chest  to  the  upper  part  of  the  abdomen.  The  nerve  emerges 
from  the  medulla  oblongata,  between  its  lateral  column  and  the 
restiform  body ;  its  roots,  twelve  or  fifteen  in  number,  lying 
beneath  and  in  a  line  with  the  roots  of  the  glosso-pharyngeal 
nerve. 

(1)  Diseaaea  of  the  Pharyngeal  and  (Esophageal  Plexuses.  ' 
The  pharyngeal  plexus  is  composed  not  only  of  branches  of 
the  vagus,  but  also  of  the  glosso-pharyngeal  and  the  sympa- 
thetic, an4  the  relative  function  of  each  of  these  in  the  innemt* 
tion  of  the  soft  palate  has  not  yet  been  determined.  The  levator 
palati  and  azygos  uvulae  are  supplied  from  the  seventh,  bat  it 
will  be  more  convenient  to  group  together  all  the  different 
forms  of  paralysis  of  the  soft  palate,  no  matter  from  what  source 
the  muscles  derive  their  nerve  supply.  The  following  table 
gives  the  muscles  which  move  the  soft  palate,  with  their  origins 
and  insertions. 


Jfamto/Muitl*. 
LerUor  PaUti     .    . 


Ttosor  PkUti  (drcomflexiu 
piUati). 


A««*iX7Tnl> 


Palato  OVami  (oonstridor 
Mlhmi  fanrinm). 


PtlMio-phtryngnm  (odd- 
■trictor  Utbnu  badnm 
p(at«nor|. 


Origin. 

Eztmnity  of  petroni 
booe ;  poaterior  uid  in- 
ferior Mpect  of  East*- 
ohun  tabe. 

Scjiphoid  foaw  at  baae 
of  intenukl  pterygoid 
plate. 

Spinoui  proocai  of  iphe- 
noid  Done ;  anterior 
of  Eoitachiao 


■ipaat 
toIwL 


Spine  of  paUte  bone  and 
■4jaiaiiig 


Soft  palate  oontiniiaai 
with  iu  fellow  of  the 
opfKaiteade. 

BapM  el  aoft  paUte, 
■M  ii  oantiBHoai  with 
to  {allow  of  tkaqjpo- 


Iiutrtion. 

Middle  line,  wbctw  it  h 
continaoos  with  iM 
fellow  of  the 
aide. 

TnuuTrne  ridge  ea  Iht 
horizontal  portia«  «f 
the  palate  tnaa,  aal 
the  aponeariMM  M  tka 
▼elom. 


Unila. 


subofni^M. 


Poetctior  border  tt 
tfaTToid   cartSace    lal 
adeof  the    ' 
far  back  aa  the ' 
line. 


AViw  5«ppfy.— The  levator  palati  and   azTgoa  nrala  noeiTs 


k 


DISEASES  OF  THE  MIXED  CKANIAL  KEBVES.  405 

Fio.  43. 


/ 


iCP 


Fio.  43  (From  Hennann's  "Phytio- 
'osy").  Diagram  nf  tht  Pntumofxtt- 
trie  and  Spinal  Aceeuory  Serra,  their 
coHtiKtioiu  and  brancha. 

P,  PDeirmogiutric  oerva, 

» 2^  SA,  Spinal  accessory  nerve. 

H,  Hypoglossal  nerve. 

GP,  GUisao-pharyngeal  nerve.  F,  Facial 
nerve. 

S,  Saperior  cervical  ganglion  of  the 
■ympathetic. 

i;r,  Oanglion  of  the  root  of  the  vagu. 
gt,  Oanglion  of  the^runiof  the  vagTU. 

1,  Auricular  branch  of  the  vaglU 
(Amold'i  nerve). 

2,  Pharyngeal  branch. 

3,  Convergence    of  nerves  to  fonn 
pharyngeal  pitxvi. 

4,  Saperior  laryiiifeal  nenre. 
4',  Internal   branch  of  mperior 

laryngeal  nerve. 

4",  External  branch  of  nip«rior 
laryngeal  nerve. 

6  6   6,   Cardiac    branches   of   the 
vagus. 

5,  Inferior  laryngeal  nerve  (reonr- 
rrnt). 

6'   Cardiac    branch    of    inferior 
laryngeal  nerve. 

7,  Convergence  of  branches  of  vagoi 
to  form  cardiac  plexosea, 

8,  Pulmonary  branches. 

9,  iF^Mphageal  branches. 

10,  Gastric  branches. 

11,  Splenic   branches. 

12,  Hepatic  branches. 

SA,  Spinal  accesaory  nerve. 

id.  Internal  division  of  spinal  ac- 
OMSory. 

td.    External    division    of   spinal 
accessory. 

10,  lie,  niC,  IVC,  OervidJ  ntrrM. 
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branches  from  the  ueveuth  cerre  through  the  petrosal  branch  of  the 
Vidian.  The  t«i]Hor  palati  reoeivea  branches  from  the  otic  ganglion  ;  the 
palato-glossus  and  palato-pharyngeus  receive  br^ches  from  Meckel'* 
ganglion  and  the  pharyngeal  plexus.  i 

§  S68.  Actiont.  f 

7%e  Atygni  Uvtdce  not  only  shortens  the  uvula,  but  renders  it  hard, 
and  draws  its  point  upwards  and  backwards  towards  the  [losterior  wall  of 
the  pharynx.  fl 

The  Levator  Palati  raises  the  soft  palate,    draws  its  free   margin' 
upwards,  and  elevates  the  palatine  arch. 

The  Tetuor  Palati,  acting  with  its  fellow  of  the  opposite  side,  sprMidi 
the  palate  out  laterally,  and  also  arches  it  with  its  concavity  downwutla. 
Taking  its  fixed  point  from  below,  the  tensor  palati  will  dilate  Um 
Eustachian  tube. 

The  PaUito-glouus  approximates  the  anterior  pillars  of  the  fauces  to 
the  middle  Hue. 

The  Palato-pharynffeiu  descends  in  the  posterior  pillar  of  the  Eaacrs, 
and,  by  opposing  the  action  of  the  elevator  muscle,  it  depresses  the  Telan 
and  both  lowers  and  narrows  the  posterior  palatine  arch, 

Fio.  44. 


Fia.  44.  MuKla  of  tht  Palate. 


1,  S«ptam  nariuni. 

2,  Kuatecbiui  tuh«. 

3,  Ptei7got>leiu  extemni. 

4,  PtciygoideTM  intemiu. 

5,  Levator  palati  mollis. 

6,  Circnmflenu  p«l»ti. 

7,  Superior  oonctrictor  of  pbarynz. 


8,  AzvgD*  nvuls. 

9,  Palatu-phtryogeni. 

10,  Stylo-pharrngeiH. 

11,  Mitlille  cnnHtrictnr  of  ph&rynz. 

12,  I'lklsto-iiharyngeiu  (cat). 

13,  Inferior  oonatrictor  of  pharynj^ 

14,  CEaopbasus. 
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§  2G9.  Spasm  of  tJie  Soft  Palate  and  Euatachian  Tube. — 
Very  little  is  known  with  respect  to  spasm  of  the  muscles 
of  the  soft  palate  and  of  the  associated  muscular  apparatus 
of  the  Eustachian  tube.  Noises  in  the  ears  can  be  induced  in 
healthy  individ\ial8  by  intratubal  application  of  the  faradic  or 
galvanic  currents,  caused  by  contraction  of  the  tubal  muscle 
(Weber-Liel). 

§  270.  Paralysis  of  the  Soft  Palate. — Paralysis  of  the  soft 
palate  occurs  in  connection  with  bulbar  paralysis  and  in  the 
course  of  many  diseases  of  the  spinal  cord.  The  partial  paralysis 
which  occurs  in  peripheral  facial  paralysis  has  already  been 
mentioned. 

The  symptoms  of  paralysis  of  the  soft  palate  differ  according 
as  the  affection  is  partial  or  complete.  Partial  paralysis  declares 
itself  more  especially  by  the  abnormal  position  of  the  uvula 
and  soft  palate,  while  total  paralysis  gives  rise  to  marked 
alterations  of  speech  and  in  the  power  of  deglutition. 

Paralysis  of  the  Levator  Palati. — It  has  already  been  men- 
tioned that  the  levator  palati  is  paralysed  in  peripheral  affec- 
tions of  the  facial  nerve  when  the  lesion  is  situated  above  the 
geniculate  ganglion.  The  velum  on  the  paralysed  side  bangs 
loosely  downwards,  occupying  a  lower  position  during  rest  than 
the  sound  side.  Tickling  the  uvula  does  not  cause  it  to  be 
arched  upwards,  it  is  only  rendered  tense  transversely  by  the 
action  of  the  tensor  palali,  and  its  posterior  edge  is  drawn 
slightly  downwards  by  the  action  of  the  palato-pharyngeus. 

When  the  levator  palati  and  tensor  palati  are  simultaneously 
affected  the  soft  palate  hangs  still  deeper  on  that  side,  there  is 
also  lateral  displacement  of  the  velum  owing  to  the  unopposed 
action  of  the  tensor  palati  of  the  opposite  side;  aud  reflex 
action  on  irritation  is  absent. 

The  disturbances  of  phonation  and  of  deglutition,  such  as 
nasal  speech  and  regurgitation  of  fluids  through  the  nose,  are 
more  marked  than  when  the  levator  palati  is  alone  affected. 

Paralysis  oftJie  azygos  uvulce  accompanies  paralysis  of  the 
levator  palati  in  disease  of  the  seventh  nerve  above  the 
geniculate  ganglion.  Unilateral  paralysis  of  the  azygos  uvulae 
causes  distortion  of  the  uvula.     The  uvula  occupies  an  oblique 
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position,  with  its  point  usually  directed  to  the  healthy  side.*^^ 
In  a  case  recorded  by  Sanders.-f  however,  the  uvula  is  described  as 
"projecting  somewhat  forwards,  and  directed  obliquely  from  left 
to  right,  the  tip  pointing  to  the  right  or  paralysed  side,  its  base 
being  in  the  middle  line,  or  perhaps  drawn  a  little  to  the  left 
or  sound  side."  Four  cases  are  described  by  Romberg,  and  cue 
by  Davaine,  in  which  the  uvula  was  arched  with  the  convexity 
directed  to  the  sound  side,  and  the  tip  of  the  uvula  to  the 
paralysed  side,  and  I  have  myself  seen  two  well-marked  in- 
stances of  this  distortion.  It  is  difficult  to  account  for  the 
anomalous  position  occupied  by  the  uvula  in  these  cases.  It 
has  been  suggested  that  the  distortion  to  the  paralysed  side 
existed  prior  to  the  paralysis,  as  the  uvula  is  not  unfrequently 
found  twisted  to  one  side  in  healthy  persons,  but  this  could 
not  have  been  the  case  in  the  observations  of  Romberg  and 
Davaine,  inasmuch  as  the  uvula  assumed  a  symmetrical  position 
as  the  patient  recovered  from  the  paralysis.  Sanders  thinku 
that  the  drawmg  of  the  uvula  towards  the  paralysed  side  is  doe 
to  the  action  of  the  palato-pharyngeus  exerting  a  greater  effect 
on  the  uvula  on  the  affected  side  than  it  can  exert  on  the  ^ 
sound  side ;  but  this  explanation  is  by  no  means  satisfactory.      H 

Paralysia  of  the  j>aUito-pharyngeu«  is  recognised  by  the     ' 
altered  appearance  of  the  isthmus  of  the  fauces,  the  posterior 
pillars  of  the  fauces   being  more  widely  separated  from  ooe 
another,  and  immovable.     Duchenne  believed  that  he  had  metfl 
with  isolated  paralysis  of  the  palato-pharyngeus,  where  irri-" 
tation  still  provoked  shortening  of  the  uvula,  along  with  tensioD 
and  elevation  of  the  soft  palate.     The  posterior  pillars  of  the 
fauces  were  not  approximated  to  one  another,   nor  was  the 
palate  stretched  downwards  and  backwards,  so  as  to  form  a 
complete  screen  between  the  nasal  and  buccal  portions  of  tbdfl 
pharynx.     Speech  and  deglutition  were  unaffected.  " 

Paralysis  of  all  the  muscles  of  the  soft  palate  on  both  sides     ^ 
causes  the  palate  to  hang  loose  and  flapping  from  the  roof  offl 
the  mouth,   and  its  activity  is  not  called  forth  during  deep 
inspiration,  or  during  the  movements  of  deglutition  and  phona- 
tion.    The  speech  has  a  strongly  nasal  character,  or  may 

*  Dr.  Gurdaer,  Tht  Lancet,  Vol  I.,  1801,  p.  479. 
t  MiMmrtk  Medical  Journal,  Vol.  XI.,  18C6,  p.  Ui. 
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quite  unintelligible,  while  fluids  are  ejected  through  the  nose. 
Deglutition  is  rendered  still  more  difBcult  when  paralysis  of 
the  soft  palate  is  associated,  as  frequently  happens,  witli 
paralysis  of  the  constrictors  of  the  pharynx. 

Diagnoals. — Paralysis  of  the  muscles  of  the  soft  palate  must 
be  distinguished  from  immobility  of  the  palate  caused  by 
mechanical  and  organic  causes.  The  position  assumed  by  the 
paralysed  parts,  the  associated  symptoms,  and  the  history  of  the 
case  are  sufficient  to  prevent  any  mistakes  being  made. 

Prognosis. — In  diphtlieritic  paralysis  of  the  soft  palate  the 
prognosis  is  favourable,  while  in  the  remaining  forms  the  prog- 
nosis depends  upon  the  disease  on  which  it  is  dependent,  and 
is,  as  a  rule,  unfavourable. 

Therapeutics. — The  treatment  must  generally  be  directed 
against  the  accompanying  disease.  The  local  treatment  consists 
of  the  application  of  the  faradic  or  galvanic  currents  to  the 
muscles. 

(2)  Paralysis  of  the  Muscles  of  the  Pharynx  and  (Esophagus. 

The  following  table  gives  the  muscles  of  the  pharynx,  their 
origins,  and  insertions : — 

Innrtion. 

1,  Itapb<  of  phuynx. 

2,  BMiIar  proceu  of  occi- 
pital bone  by  meuu  of 
pharyngeal  BpoaeuroBUi 


Name. 


Superior  Cooatriotor  - 


Middle  Conitrictor 


Inferior  Conetrictor 


Stylo-pbaryngeua 


PaUto-pharyngeua 


Salpingo-pharyngevu 


Origin. 

1,  The  side  nf  the  tongue. 

2,  Mucoua  membrane  of  the 

mouth. 
S,  Mylo-hyoid  ridge  of  jaw. 

4,  Pterygo-maxillary     liga- 

ment. 

5,  Lower  third  of  internal 

pterygoid  plate. 

1,  Great  oomu  of  o*  hyoides. 

3,  Leaser  coma  of  oebyoidea. 
3,  Stylo-byoid  ligament. 

1,  Cricoid  cartilage. 

2,  Oblique  line  of   thyroid 

cartilage. 

1,  Inner    aide    of    bas«    of 
(tyloid  proceaa. 


I ,  Kapho  of  (of  t  palate,  oon- 
tinuoaa  with  the  corre- 
■ponding  miucle  of  the 
oppoaite  aide. 

1,  Lower  border  of  Eoata- 
cbian  tube. 


1,  Baphj  of  pharynx. 


1,  Middle  line  of  pharynx. 


1,  Foaterior  border  of  thy- 

roid cartilage. 

2,  Internal  face  of  inferior 

conatrictor. 

1,  Inner     aurface     of     the 

pharjmx. 

2,  Posterior  border  of    the 

thyroid  cartilage. 

1,   Unitea     with      palato- 
pharyngeui. 
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$  371.  Aaions. 
The  ooDstricUnr  moKles  contract  upon  the  monel  of  food  •• 
••  it  ia  rBoeired  bj  the  phaiTU  aad  coorej  it  downwaids  into  the 
<mafiiagnn  The  stjrlo-pharTiigei  draw  the  pharyiu  upwarda,  aad  wi<)ea 
it  Uterall/.  Th«  palato-pharyngei  also  draw  it  apwarda.  aad  with  tlia  aid 
of  tha  oTiiIa  close  the  opening  of  the  tuioea.  The  aalfiagt-fharjngd  mtw 
tleraiora  of  the  ni^wr  part  of  the  pharynx. 


Fie.  45. 


Fia.4C. 


Fio.  a.  tltuda  ff  the  Pkarynx 
(ItomUcath). 

1,  Trachea. 

3,  Cricoid  eaitibfc 

3,  Crico-thymid  mambiaiie. 

4,  Thymid  cartOage. 

5,  TbTTO-hToid  membrane. 

6,  OcbyoidML 

7,  Strlo-hyoid  ligamcDt. 

8,  (Enpha^iu. 

9,  Infarior  constrictor. 

10,  MiddU  oonitrictor. 

11,  Sqperior ooBatrietor. 

12,  Stylo-phaiTiigcQi,    paanng    down 

Mtween  the  •upcnor  and  middle 
constrictor. 

13,  Fibroos  bag  of  the  pharTU  aeen 

above  the  coQstriotor. 

14,  PtatyctMDaxillary  ligament. 

15,  Bnocinator. 

16,  Orbicularis  oris. 

17,  Mylo-hyoidcas. 


FlO.  46.  Slptaid  Uiuda  a»i{  ilnmia  tf 
the  Tanfu€  '.from  Mcath]. 

1.  Temporal  bone  of  the  left  lida. 

3,  2,  Tht  right  ride  of  the  lowtv  Jew 

divided  at  its  symphTaie ;    tfa* 
left  ride  baring  be«o  remored. 
i,  TonKaa. 

4,  GeBi(>.hyoideua. 

6,  CI  ■lin.hyo.gloaeos. 

8,  Hyo-gUanis;  its  ba«k>.glaanii  pev> 
tion. 

7,  Its  kerato-Klossna  portion. 

8,  Anterior    fibre*    of    the    Ungnali* 

iMiiing  from  between   tha  hyo- 
gloaras  aad  genio-h]ro.ilasa«a 

9,  Stylo-elnesos  with  part  of  tha  stylo* 

maxillary  ligament. 

10,  Stylo-hToideus. 

11.  Stylo-pbarTSgena. 
I'i,  Os  byoides. 

13,  Tbyro-hyoid  membiaiML 

14,  Thyroid  cartilage. 

U,  Thyro-hroid  mosela  aririay  frna 
the  ooUqae  line  of  the  thyroid 
eartilaga^ 

16,  Crioaid  cartila^^ 

17,  Otico4hyr<.>id  racmbnue. 

18,  Trachea. 

19,  Commanoement  bf  the  oeeophacaa. 
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§  272.  Dysphagia  Paralytica. 

Etiology. — Paralysis  of  the  muscles  of  the  pharynx  and  of 
the  muscular  coat  of  the  oesophagus  is  rare  as  the  result 
of  local  peripheral  disease.  It  results  more  frequently  from 
basal  aSectioDs  of  the  brain,  which  produce  compression  upon 
the  cranial  nerves  ;  and  still  more  frequently  from  local 
affections  of  the  pons  and  medulla  oblongata.  The  paralysis 
of  deglutition,  which  accompanies  the  terminal  stages  of  pro- 
gressive muscular  atrophy,  multiple  sclerosis,  and  other  nervous 
aflFections,  as  well  as  the  dysphagia  of  typhus,  and  that  which 
is  always  present  during  a  prolonged  death  agony,  probably 
originate  in  local  disease  of  the  pons  and  medulla.  Dysphagia 
is  not  a  frequent  symptom  in  connection  with  apoplectic  hemi- 
plegia. Partial  paralysis,  generally  limited  to  the  superior 
constrictor,  is  a  not  unfrequent  sequel  of  diphtheria  and 
syphilitic  affections,  and  is  generally  associated  with  paralysis 
of  the  soft  palate  and  other  muscles. 

Symptoms. — The  characteristic  symptom  of  paralysis  of  the 
muscles  of  the  pharynx  is  difficulty  or  impossibility  of  swallow- 
ing. When  th,e  paralysis  is  limited  to  the  muscles  of  the 
pharynx,  and  does  not  implicate  the  facial  or  lingual  muscles, 
or  those  of  the  soft  palate,  the  loss  of  function  first  mani- 
fests itself  during  the  act  of  swallowing.  The  morsel  passes 
along  the  roof  of  the  mouth  and  the  back  of  the  tongue,  but 
remains  on  the  root  of  the  latter  in  the  glosso-epiglottidean 
fossa,  or  even  over  the  epiglottis  ;  and  must,  on  account 
of  the  dyspnoea  to  which  it  gives  rise,  be  removed  by  means  of 
the  finger.  Fluids  run  along  the  dorsum  of  the  tongue,  and  pass 
readily  into  the  larynx,  giving  rise  to  attacks  of  suffocating 
cough ;  while  the  patient  instinctively  makes  strenuous  efforts 
to  pass  the  fluid  over  the  epiglottis  by  throwing  the  bead  back- 
wards, and  by  an  endeavour  to  bring  the  root  of  the  tongue  as 
near  as  possible  to  the  upper  end  of  the  oesophagus.  If  the 
paralysis  be  unilateral,  the  patient  is  only  unable  to  swallow 
when  the  morsel  of  food  happens  to  lodge  on  the  paralysed 
side  of  the  pharynx. 

When  there  is  only  paresis  of  the  muscles,  or  when  the  para- 
lysis is  limited  to  one  or  two  of  them,  the  power  of  swallowing 
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ia  only  more  or  less  diminLshed.  If  the  paralysis  be  limited  to 
the  superior  constrictor,  fluids  regurgitate  through  the  DO»e 
during  swallowing,  inasmuch  as  contraction  of  this  muscle  is 
necessary  in  order  to  complete  the  division  which  the  soft 
palate  forms  between  the  buccal  and  nasal  portions  of  the 
pharynx  during  swallowing.  This  symptom  is,  of  course,  mmt 
pronounced  when  paralysis  of  the  superior  constrictor  is  as»- 
ciated  with  paralysis  of  the  soft  palate,  as  in  the  form  whidi 
follows  diphtheria. 

Paralysis  of  Oie  (Eaapliagus  sometimes  occurs  as  an  isoUted 
affection.  The  morsel  of  food  in  such  a  case  passes  from  the 
pharynx  into  the  oesophagus,  but,  owing  to  the  failure  of  the 
peristaltic  action  of  the  latter,  it  remains  fast  in  the  cenrical 
portion  of  the  tube,  or  regurgitates  into  the  cavity  of  the 
mouth.  When  it  remains  fast  in  the  oesophagus  it  maj 
produce  compression  of  the  larynx,  and  cause  dyspncea,  and 
the  other  symptoms  indicative  of  the  presence  of  a  foreign 
body.  A  large  morsel  of  food,  or  solid  substances  which  do 
not  readily  become  reduced  in  volume,  may  still  be  swallowed 
as  these  make  their  way  through  the  oesophagus  by  means  of 
their  own  weight.  This  occurs  with  the  greater  facility  because 
the  tube  becomes  readily  dilated  when  the  muscular  coat  is 
paralysed. 

Difficulty  of  swallowing  may  be  present  in  various  condi- 
tions of  the  cesophagus,  and  more  especially  in  cases  where 
there  is  a  mechanical  obstruction  ;  but  the  diagnosis  between 
these  conditions  and  paralysis  can  readily  be  made  by  means 
of  the  sound. 

The  Prognosis  is  favourable  in  partial  diphtheritic  and 
syphilitic  paralysis.  The  paralysis  which  arises  from  central 
causes  is  very  unfavourable,  owing  to  the  gravity  of  the  morbid 
processes  underlying  it;  and  complete  paralysis,  whatever  its 
origin,  may  cause  death  naore  or  less  suddenly  from  arrest  of 
the  morsel  of  food  in  the  a33ophagus  or  air  passages.  Fatal 
attacks  of  lobular  pneumonia  are  very  liable  to  occur,  owing  to 
the  passage  of  particles  of  food  through  the  glottis,  which  find 
their  way  into  the  smaller  ramifications  of  the  bronchial  tubes. 

Treatment. — ^The  treatment  consists  mainly  in  the  local 
application  of  either  the  faradic  or  galvanic  can  la 
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afiFected  muscles.  'la  every  case  wbere  there  is  complete 
paralysis,  the  patient  must  be  fed  by  the  stomach  lube  in 
order  to  avoid  slow  starvation  and  the  accidents  which  are 
liable  to  occur  during  attempts  at  swallowing. 

(3)  Diseases  of  tlie  Lai-yvgeal  Nerves. 

§  273.  The  muscles  of  the  larynx  are  eight  in  number,  the  five 
larger  being  muscles  of  the  chorda  vocalis  and  rima  glottidis, 
the  three  smaller  being  muscles  of  the  epiglottis.  The  following 
table  gives  the  names  of  these  muscles,  with  their  origins  and 
insertions,  and  the  nerve  by  which  they  are  supplied  (Heath): — 


Kami. 
Clioo-tbrcaidgiu. 

AiyUBOoldAUj. 


Crl(x>-arri<eiH4d«iu 
iwsticoa. 

Crioo-arrtiBnoldeiu 
lat«r*lii. 

TbjTO.ArTtKDofd0iu. 

Tbynkaplglottidaiu. 

AryUenoHjplglottidisaB, 
au{Rirlur. 

AiTtrnio-flpiglottideiu, 
iJif«rior. 


Origin. 

Cdooid  cortilAga — 
lilng. 


Arftmnaid  cartilatte, 
concar«  pMtoxior 
mirface. 

Cricoid  cartUikge.  poft- 
turio:  >urf»c«. 

Cricoid  Ronilngfl,  Ut«- 
ral  bolder. 

ThjTToid  okrtilAgo,'  n- 

c«dlug  JUlglu. 

£xt«nia]  aurfkce  of 
oaccului  Uryiigit. 

Apex  of  ArTUBSoid 
c&rtilag*. 

Arytienoid  cattilago 
aboTfl  uttaohnioiit 
of  cbonU  Tooalii. 


TnUTtion. 

Thyroid  cutillgB. 
luwer  tionlor  aud 
oomu.  , 

Daciucatlng  fibrat. 


Arytenoid  bue,  pos- 
terior uator  Uiglfl. 

Ar7t4DiK>id  baae,  An- 
terior outer  angle. 

Arjtarmoid,    anterior 
■urCaoe. 

Few  froree  oontinaed 
to  aide  uf  epiglutlia. 

Bide  of  epiglottii. 
Bide  of  apiglottli. 


Kervt. 
External  £Ar7ng«al. 


Superior  and  Infbrlor 

tarjrogeaL 


Inferior  lar7ngBal. 
Inferior  laiTngaal. 
Inferior  larjmgeaL 
Inferior  laryngeaL 
InAulor  laryngeal, 
lohrior  laryngeal. 


§274.  Actions. 

The  muscles  move  the  cartilages  of  the  larynx  upon  one  another  in 
such  a  manner  as  to  tighten  and  bring  together  or  to  separate  the  vocal 
corda,  and  thus  to  narrow  or  widen  the  aperture  between  them.  The  slit 
between  the  true  vocal  cords  is  called  the  glottis  vocalit,  and  the  interspace 
between  the  arytoenoid  cartilages  the  glottii  renpiratoria. 

The  crico-tki/roidt:i  draw  the  thyroid  cartilage  downwards  on  the  cricoid 
cartilage,  and  thus  tighten  the  vocal  cords. 

The  thyro-arytctxwidei  are  parallel  to  and  attached  to  the  same  i)ointa  aa 
the  vocal  cords,  and  hence  their  contraction  renders  the  vocal  cords  less 
tense.  Some  of  the  fibres,  however,  are  inserted  into  different  points  of 
the  vocal  cords  themselves,  and  consequently  their  contraction  must  confer 
different  degrees  of  tension  upon  different  parts  of  the  cords. 

The  cnco-ary((«m^i(/<i^oj(ic(  swing  the  aryttonoid  cartilages  outwards, 
M>  that  both  the  glottis  respiratoria  and  the  glottis  vocalis  are  converted 
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FiQ.  47. 


Fifi.  4S. 


11*^ 


Fto.47iFromLftndoiii'"Pbysiolog:ie"). 
PottrriorVieic  iiftheLitrijnz  after  Removal 
of  the  Alutclf  —E.,  EpiglottU,  with  ( W. ) 
the  ouabion  ;  L.ar.-ep.,  ligam.  ary.  epi- 
gintticiim  ;  M.m.,  Mncoiu  membrsne  ; 
C.  R'.,\V™berg'a  cjittilAges  ;  C.S.,  San- 
torini's  cartilage* ;  Caryl.,  AryKenoiJ 
cartilage;  C c, Cricoid ciu-lilage  ;  P.m., 
MiucularprnceastoarylteQoid  cartilage ; 
L.cr.ar.,  Crico-arytien.  ligament  ti> 
superior  comu  ;  C  i.,  Inferinr  uomu  of 
thyroid  cartilage  ;  L.ce.cr.p.i.,  Poaterior 
interiiir  Kerato-cricoid  ligament ;  Ctr., 
Cartilages  of  the  trachea;  F.m.tr., 
Menibraooiu  part  of  the  trachea. 


rio.48(FroniLandoi«"  Phy«lola_ 
Anterior  Vine  «/  the  Larynx,  thommg  I 
Ligaments  and  Atlachmentt  of  tin  i 
det.—O.k.,  Uyoid  bone  ;  C.  th.,  'liiyroiil  j 
cartilage ;  Corp.  trit.,  Corpua  tritiocam ; 
Liff.  Ihyr.-hj/vid.  med ,  Li^mentum 
thyro-hyoideum  medium;  Lig.th.-K.lai, 
Ligament.  crico-th}Te()ideum  medium; 
Lvj.  eric,  trach.,  Ligam.  crioo-trmche»U ; 
JU.  It.  A.,  Stemo-byoid  mnaclr  ;  Ml  tk.- 
hyoid,  'i'hyro-hyoia  muscle ;  M.  tt.  Ik., 
Stemo-tbyroid  muscle;  Jf.  cr.-tK.,  Crico- 
thyroid uuacle.  
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Fto.  49. 


Fio.  60. 


aw 


Fio  4'J  (Fr<)mLandui«"'Pliyiiiologie"). 
Potterior  Viev)  of  the  Lnrpnje,  thomng 
the  MmkUi.—E.,  Epiglottin,  with  (W.) 
the  c  whinn  ;  C.  W.,  Wri«beri;'8  carti- 
\%^9 ;  C.-S.,  Santorini'ii  cartilage  ;  Cart. 
crur.,  Oric*»i(l  curtilage  ;  Corrtu  ttitp., 
Comu  inf ,  Superior  anil  inferinr  oomua 
of  the  thyroid  cartilage;  M.  or.  tr., 
Trannverse  aryttenoiil  luiiaclea  ;  Af.  or. 
oht.,  Obli'iue  arytcenoid  muscles  ;  M.  rr. 
aryt.  pout.,  C'rico-arytstnoidei  poatici 
muiclea;  Pitrt.  cart.,  l.'artili(^nnaa,  and 
Par4.  mem.,  Membranotu  part  of  the 
tracfaiEa. 


Fro.  50  (From  L»ndoi»'  "  Phy«in- 
logie"'.  The  Laryngeal  Nerru.—  U.h., 
Hyoidbone;  C.th.,  Thyniid  cartilage; 
C.c,  Cricoid  cartilage;  Tr.j  Trachea; 
M.  cr.-ar.  p.,  Crico  aryttenoideus  poati- 
cii»  tnuacle  ;  M,  cr.-  ar.  I.,  Criou-arylie- 
noid«as  lateralis  uiucle  ;  Af.  cr.  (A., 
Cricothyroid  tniuicle  ;  B.  i.ab.  sup.  v., 
Saperior  laryngeal  nerve  of  the  vagnt, 
R.  I.,  Internal  branch,  R-  £.,  Kxtemai 
branch ;  N.  u  H.  v. ,  Recurrent  laryngeal 
nerve,  B.  I.  N.  L.  «.,  laternul  branch  ; 
R.  I.  N.  L.  B.,  External  branch  of  the 
recurrent  laryngeal  nerve. 
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into  triangular  spaces  which,  together,  form  a  wide    rhombic  apertore 
{Fig.  61,  //  //;. 

The  crico-ari/tamoidei  lattrales  are  antagonistic  to  the  postici,  and  hna^ 
the  arytisnoid  cartilages  back  to  their  old  position,  and  afterwards  approi 
mate  them,  thus  narrowing  the  glottis  {Fig.  63,  /  /). 


Flo.  51.  Schema  of  »  Horizontal  Section  through  tht  Larynm.—I  I,  Tbepmiti 
the  orytieiioid  cartilaKcs  and  vocal  conli  during  quiet  bre»tbing.     The  ■ 
indicate  the  direction  in  which  the  oriro-arytunoidei  ixutici  muKlu  act.    J 
Fodtion  of  the  arytaaoid  cartilage!  in  oonwquenoe  of  contraction  of  rluwi 
motcles. 


Flo.  62  (From  Landois'  "  Ph]r">olo^e  "j.    Schema  of  a  Borittmtal  Section  Vkrtmaki 
the  Larynx,  thawing  the  action  of  tht  Ari/t(rnoid  MuKtu.-  1 1,  Piiaitioo  of  thu 
aryteenoid  cartiU^fca  during  quiift  breathing.     The  arrows  ahow  the  direction  cC| 
the  action  of  the  muoclea.     II  J{,  Portion  of  the  cartilage!  when  the  muaele 
ar«  contraotsd. 


DISEASES  OF   THE   MIXED   CRANUL  NERVE3. 


417 


The  ari/tmwidti  draw  the  aryttenoid  cartilages  together  at  their 
apices  aod  posterior  edges.  If  they  act  in  concert  with  the  thyro-aryttanoid 
muscles,  both  glottis  vocalis  and  glottis  respiratoria  are  closed,  and  respira- 
tion completely  intemiptod,  as  immediately  before  coughing  {Fig.  52,  II II). 

The  three  muscles  of  the  epiglottis  bare  been  deacribed  as  one  muscle, 
under  the  name  of  thyro-arytwuo-epiglottideus.  Besides  compressing  the 
glands  of  the  sacculus  laryngis  and  altering  the  form  of  the  cavity  itself, 
this  muacie,  by  its  contraction,  approximates  the  epiglottis  and  aryttenoid 
cartilages,  and  thus  assists  iu  closing  the  glottis.  It  is  important  to 
remember  that  the  position  of  the  vocal  cords  during  quiet  breathing  is 
not  one  indicative  of  complete  passive  equilibrium  of  all  the  laryngeal 
muscles.  Immediately  after  death,  when  it  may  be  presumed  that  com- 
plete passive  equilibrium  between  the  antagonistic  muscles  is  established, 
the  Tocal  cords  are  found  much  nearer  the  median  line  than  they  are 
during  quiet  breathing  ;  hence  it  may  be  inferred  that  the  latter  position 
is  maintained  by  a  slight  tonic  action  of  the  alxluctora  of  the  glottis.  The 
glottis  assumes  various  forms  according  to  circumstances,  and  it  has  been 
found  useful  to  affix  definite  names  to  some  of  these.  Passing  from  the 
middle  line  outwards  these  positions  are  :  (1)  Complete  closure  of  the 
glottis  (Fig.  52,  //  //),  such  as  is  produced  by  the  combined  action  of  the 
arytieuoidei  and  crico-arytsenoidei  muscles  ;  (S)  the  eada*ene  poniion,  so 
called  from  heiug  the  position  in  which  tbe  vocal  cords  are  found  in  the 
dead  body,  this  position  being  one  in  which  the  vocal  cords  are  slightly 
removed  from  tbe  median  line,  and  consequently  the  glottis  slightly  open ; 
(3)  i\xo  position  of  quiet  breathiitff,  iu  which  the  glottis  is  more  open  than 
iu  tbe  last  position,  but  ia  still  only  moderately  dilated  {Fiy.  61,  //); 
and  (4)  th«  position  of  deep  inspiration,  in  which  the  glottis  is  widely 
dilated  {Fig.  b\,  II II). 

Fio.  63. 


FlO.  63  (From  Landois'  "  Pbysiolngie  ").  Sehemn  of  fforixnlal  Stetion  throuph  tht 
Larynx,  iUuttratinrj  thf  action  of  Crieoarytaniiidei  latrralet  MuicUi.—JI  II,  Puni- 
tion  of  the  arytnnoid  cartilases  during  quiet  breatbinir.  1'he  arrows  sbnw  tbe 
direction  in  which  the  idu«c1«s  act.  / 1,  Pooitioo  of  the  cartilages  when  the 
mnscles  are  contracted. 

BB 


418 


MSKASB  or  THS  MOID  cnAWtAi    HBHTIS. 


§  275.  Snuory  Ajfeetums  of  tke  Larynx. 

The  aeaaocy  diatiiriwiieai  nay  be  divided  into  oooditioiu 
antatkegja,  kypgraaiimia,  end  partmHaia. 

AneeiUuaia  o(  the  Uirnx  b  rare  m  an  isolated  affection,  but 
is  iianaUj  VTBptomatic  of  •oaw  other  dtseeee. 

ffjfpercalktna  of  the  larynge*!  moooos  oMmbrane  gives  rue 
to  excessire  reflex  aetaoos  on  slight  caoses.  A  paroxysmal 
ooQgfa  oocnniog  in  the  female  sex  oftea  depends  npon  exces- 
sive sensitiveness  of  the  laryi^eal  macoas  membrane. 

ParaglhaiiK  of  the  laiyngeal  mucous  membiaoe  are  not  un- 
frequeotly  complained  of  These  may  at  times  consist  of  a 
feeling  as  if  a  hair,  fi^^h-bone,  or  monel  of  food  had  lodged 
in  the  larynx,  while  laryngoscopic  examination  shows  the 
absence  of  a  foreign  body.  Cases  of  this  nature  are  most 
frequently  met  with  in  hysterical  women. 


§  S7C  Motor  Afedion*  of  (As  Larynx. 

Motor  disturbances  of  the  laijnx  are  much  more  important 
and  frequent  than  sensory  affections.  The  motor  affections  may 
be  subdivided  into  parakinesis,  h^perkiuesis,  and  akinesia. 

The  parakineaea  consist  of  various  inoo-ordinatory  move- 
ments of  the  laryngeal  muscles,  but  not  much  is  known  with 
respect  to  them. 

The  hyperkineses  consist  of  clonic  or  tonic  spasm  of  the 
laryngeal  muscles.  ^H 

§  277.  Clonic  Spaam  of  the  Laryngeal  MuaeU*. — In  some 
eases  the  laryngeal  muscles,  or  at  least  some  of  them,  con- 
tract during  attempts  at  phonal  ion  in  such  a  way  that 
the  glottis  is  completely  dosed,  and,  no  interspace  being 
left  between  the  vocal  cords,  complete  aphonia  reanlia. 
Oerhardt  mentions  the  case  of  a  flutist  who  was  not  able  to 
play  his  instrument  without  a  continuous  noise  being  caused 
in  bis  throat  During  this  time  it  was  found  that  the  thyroid 
and  cricoid  cartilages  were  approximated,  and  the  vibration  of 
the  vocal  cords  was  distinctly  perceptible  on  the  surCsoSb 
Involuntaiy  movements  also  occurred  in  the  arm  which  held 
the  flute.     These  movements  appear  to  have  been  produced 
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by  an  immoderate  \ise  of  the  instrument,  and  ceased  after 
treatment  with  rest  and  bromide  of  potassium.  Gerhardt 
thinks  that  this  case  is  analogous  to  professional  spasms  in 
the  hand;  and,  indeed,  this  patient  had  at  a  previous  period 
suffered  from  writer's  cramp. 

§  278.  Tonic  Spasm  of  the  Laryngeal  Muscles  (Aphonia 
Spctstica.    Lari/ngismus  StriduluH). 

During  spasm  of  the  laryngeal  muscles  the  action  of  the 
adductors  predominate  over  that  of  their  antagonists,  and  the 
glottis  becomes  completely  closed. 

Etiology. — The  causes  of  spasm  of  the  glottis  may  be  central 
or  peripheral.  It  occurs  in  hysteria  and  epilepsy,  and  indeed 
the  laryngismus  stridulus  of  childr<;n  appears  to  be  usually 
but  a  limited  form  of  epileptic  attack. 

The  peripheral  causes  may  be  direct  or  indirect.  The  direct 
causes  consist  of  pressure  on  the  recurrent  or  pneumogastric 
nerves  by  enlarged  or  tuberculous  cervical  and  bronchial  glands. 
Such  pressure,  however,  as  a  rule,  gives  rise  to  paralysis. 

The  indirect  peripheral  causes  produce  spasm  in  a  reflex 
manner.  The  inhalation  of  irritating  gases  and  the  entrance 
of  morsels  of  food  into  the  larynx  are  well  known  causes  of 
reflex  spasm.  Spa.sin  may  also  be  protluced  by  causes  acting 
at  a  distance  ;  examples  of  which  may  be  found  in  the  irritation 
of  teething,  or  in  the  presence  of  parasites  or  other  irritating 
substances  in  the  elementary  canal. 

§  279.  Spasm  of  the  Glottis,  or  Internal  Convulsions. 

Etiology  :  Predisposing  Causes. — The  causes  which  predis- 
pose to  spasm  of  the  glottis  are  generally  the  same  as  those 
which  tend  to  produce  eclampsia.  Spasm  of  the  glottis,  how- 
ever, is  seldom  observed  in  persons  above  one  year  of  age, 
and  usually  attacks  children  between  four  and  ten  months.  It 
is  much  more  frequent  in  boys  than  girls;  it  attacks  almost 
exclusively  the  children  of  the  poorer  classes,  and  badly- 
nourished  cachectic  or  rachitic  children.  It  also  appears  more 
frequently  in  cold  weather,  and  especially  in  the  montli  of  March. 
AH  authors  insist  upon  the  preponderating  influence  of  rickets 
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in  the  productiun  of  this  disease.  Out  of  fifty  infants  attacked 
by  spasm  of  the  glottis  observed  by  Dr.  Gee,  forty-eight  were 
rachitic. 

Occasional  Causes. — Cold  is  the  most  frequent  exciting  cause. 
It  acts  either  directly  on  the  terminations  of  the  nerves  of  tba 
laryngeal  mucous  membrane,  or  indirectly  by  producing  a 
laryngo-traclieal  catarrh.  Fatigue  of  the  muscles  of  the  laiyox 
caused  by  prolonged  and  excessive  crying  is  sometimes  u 
exciting  cause  of  spasm  of  the  glottis.  When  the  disease  is 
once  established  an  attack  may  be  provoked  by  the  mo6t 
various  causes,  as  by  examination  of  the  throat,  or  attempts  at 
deglutition,  or  sudden  waking  from  sleep. 

Pathology. — Spasm  of  the  glottis  appears  to  be  entirely  doe 
to  an  irritable  condition  of  the  respiratory  centre  itself,  or  to  a 
discbarge  from  the  cortex  of  the  brain  directed  towards  tbe. 
medulla  oblongata. 

Symptoms. — The  attack  generally  begins  without  premooilory 
symptom,  and,  according  to  West,  occurs  more  frequently  in  the 
night  than  in  the  day.  Spasm  of  the  glottis  manifests  itself  by 
a  sudden  attack  of  suD'ocatiou,  respiration  is  suspended,  tbe  faod 
becomes  turgid,  tbe  countenance  expresses  great  anxiety,  the 
mouth  is  widely  open  as  if  to  make  a  deep  inspiration,  the  head 
is  drawn  backwards,  the  eyes  fixed,  the  face  becomes  blue,  and, 
in  a  word,  the  infant  presents  all  the  characteristics  of  com- 
mencing  suffocation.  The  respiration  may  be  suspended  from 
two  to  twenty  seconds,  and  the  end  of  the  attack  is  announced 
by  a  series  of  sonorous  inspirations,  as  if  air  were  drawn 
through  a  narrow  reeil.  The  last  inspiration  becomes  longer 
and  less  sonorous,  and  then  the  respirations  assume  their 
natural  rhythm.  The  sonorous  inspiration  is  pathognomoDte 
of  spasm  of  the  glottis,  and,  once  heard,  it  is  not  eaailjr 
forgot.  The  condition  of  expiration  is  variable.  In  some  ca^es 
it  is  at  first  short  and  difficult,  but  gradually  assumes  its 
uormal  characters.  In  other  cases  the  series  of  inspiratory 
convulsions  is  followed  by  a  series  of  expiratory  convulsions, 
short,  sonorous,  and  jerky.  In  some  exceptional  cases,  agaia, 
each  sonorous  inspiration  is  followed  by  a  forced  and  noisy 
expiration,  and  only  very  rarely  do  the  expiratory  shocks 
constitute  the  initial  phenomenon. 
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Conaymitant  Si/mptoms. — The  functions  of  the  body  generally 
undergo  a  temporary  disturbance.  Th  e  pulse  becomes  accelerated, 
small,  and  sometimes  scarcely  appreciable,  the  action  of  the 
heart  is  tumultuous  and  irregular,  and  the  chest  is  fixed.  The 
veins  of  the  neck  and  face  become  swelled,  the  skin  is  covered 
with  a  cold  sweat,  and  the  motions  may  be  passed  involuntarily. 
General  epileptiform  convulsions  are  only  observed  at  the  end 
of  the  attack,  and  not  unless  the  spasm  has  been  intense  and 
prolonged.  Sudden  asphyxia,  produced  by  the  suspension  of  the 
respiration,  is  the  principal  cause  of  this  complication.  Spasm 
of  the  muscles  of  the  extremities  is,  ou  the  contrary,  one 
of  the  symptoms  habitually  present  during  the  attack,  and  it 
sometimes  precedes  the  laryngeal  spasm  by  some  hours  or  days. 
The  spasm  appears  to  depend  on  the  same  general  causes 
as  that  of  the  glottis.  It  is  ordinarily  limited  to  flexion  of  the 
hand  and  extension  of  the  feet ;  but  in  some  rare  cases  it 
invades  the  arms,  thighs,  and  trunk. 

Course  and  Tei'Tninations. — The  disease  may  be  limited  to  a 
single  attack  or  to  a  series  of  paroxysms  succeeding  each  other  for 
some  hours,  and  constituting  a  siugle  attack ;  but  this  is  the 
exception.  Usually  it  is  composed  of  a  series  of  paroxysms  coming 
on  at  irregular  intervals  during  days  or  weeks.  The  following 
periods  may  be  distinguished  : — 

(1)  A  period  of  augmentation,  during  which  the  attacks  are 
rare,  brief,  and  separated  by  intervals  of  perfect  health.  This 
period  continues  generally  for  some  days,  towards  the  end  of 
which  the  attacks  become  more  frequent  and  augment  in  inten- 
sity, and  then  the  general  health  begins  to  suffer. 

(2)  A  stationary  period,  during  which  the  disease  acquires  its 
maximum  intensity ;  the  infant  sometimes  dies  at  this  time, 
during  a  violent  attack,  from  suffocation,  or  succumbs  to  maras- 
mus or  nervous  exhaustion  after  repeated  attacks. 

(3)  A  period  of  decline,  when  the  infant  survives,  during 
which  the  attacks  lose  their  violence,  become  shorter,  and  are 
not  80  frequently  repeated.  The  disease  then  terminates  in 
complete  recovery  after  a  total  duration  of  about  from  one  week 

H    to  two  months,  but  relapses  not  unfrequently  occur. 

H      Diagnosis. — The  diagnosis  of  spasm  of  the  glottis  is  easy 
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when  tbe  physician  happens  to  be  present  during  the  attack. 
The  diagnosis  is  assisted  by  noticing  the  perfect  health  of  the 
infant  in  the  intervals  between  the  attacks.  Spasm  of  the  glottis 
may  be  confounded  with  laryngismus  stridulus,  since  both  dis- 
eases have  an  intermittent  and  spasmodic  character ;  but  laryn- 
gismus appears  in  infants  more  than  two  years  of  age,  the 
dyspnoua  is  more  or  less  contiuuuus,  and  there  is  a  raucous 
cough. 

Prognosis. — The  mortality  of  spasm  of  the  glottis  is  generally; 
very  high.  Reid  estimated  it  at  40  per  cent ;  but  Henoch  doei 
not  make  it  so  much.  Rilliet  and  Barthez  indicate  as  favourable 
circumstances  brevity  of  the  attacks,  with  a  considerable  interval 
between  them ;  the  presence  of  an  expiration  following  each 
inspiration,  the  absence  of  signs  of  asphyxia,  female  sex,  good 
hygienic  and  constitutional  antecedents.  The  same  authors 
regard  the  following  as  dangerous  symptoms  :  (Ij  Great  length 
and  violence  of  the  paroxysm,  accompanied  by  cyanosis  or  great 
pallor  of  the  face,  and  excessive  smallness  and  feebleness  of 
the  pulse.  (2)  The  repetition  of  the  attack  after  a  very  short 
interval ;  that  is,  after  half  or  three  quarters  of  an  hour,  even 
if  the  first  attack  has  not  been  a  severe  one.  (3)  Great  nervous 
exhaustion  after  the  attack. 

Treatment. — During  tlie  attack  plenty  of  fresh  air  should  be 
allowed  to  circulate  and  all  clothing  should  be  removed  from  the 
throat.  If  the  paro.xysm  be  prolonged,  tlie  infant  may  be  allowed 
to  inhale  a  few  drops  of  chloroform.  If  the  infant  is  in  a  state 
of  asphyxia,  life  must  not  be  despaired  of  too  soon,  but  every 
means  for  restoring  suspended  animation  should  be  adopted, 
such  as  flapping  the  face  with  a  wet  towel,  sprinkling  cold  water 
on  the  face,  electricity,  and  artiGcial  respiration. 

In  order  to  prevent  a  return  of  the  attack  tonic  treatment 
must  be  adopted,  as  iron  and  cod-liver  oil ;  the  digestion  mustj 
be  carefully  attended  to,  and  good  nourishing  diet  prescribed. 
Tbe  usual  nervine  remedies,  as  valerian,  assafietida,  and  zinc, 
have  not  been  found  of  much  use  in  the  disease.  Warm< 
baths  are  frequently  very  soothing  for  infants,  and  the  steal 
appears  to  exercise  a  soothing  influence  on  the  local  spasm. 
During  the  attack  a  sponge  wrung  out  of  hot  water  may  ba 
applied  to  the  throat. 
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Paralysis  of  the  Laryngeal  Branches  of  tlie  Vagtis 
(Paralysis  of  tlie  Larynx — Aphonia  Paralytica). 

Etiology. — Paralysis  of  the  laryngeal  muscles  is  generally  of 
peripheral  origin.  The  more  usual  causes  are  traumatic  lesions, 
such  as  arise  from  gunshot  injuries  and  surgical  operations. 
Compression  of  the  nerve  by  various  tumours,  such  as  swelled 
lymphatic  glands  in  the  neek,  and  more  especially  aneurism 
of  the  carotid  and  subclavian  arteries,  mediastinal  tumours  and 
enlarged  bronchial  glands,  is  the  most  frequent  cause  of  paralysis. 
Other  causes  are,  pleuritic  adhesions  and  contractions  about  the 
apex  of  the  lung,  new  growths,  more  especially  cancer  of  the 
oesophagus  and  trachana,  which  compress  either  the  trunk  of 
the  vagus,  or  the  recurrent  laryngeal  nerve.  Paralysis  of  the 
laryngeal  muscles  is  rare,  as  a  result  of  disease  or  injury  of  the 
spinal  accessory  nerve  prior  to  its  union  with  the  vagus. 

Rheumatic  paralysis  as  the  result  of  exposure  to  a  draught  of 
cold  air  has  also  been  observed,  and  paralysis  may  result  from 
excess  of  functional  activity,  as  after  prolonged  and  loud  speaking, 
screaming,  and  singing. 

Paralysis  of  the  vocal  cords  occurs  as  a  sequel  of  acute  diseases, 
as  typhus,  cholera,  rheumatism,  and  diphtheria,  as  well  as  in 
syphilis,  and  iu  chronic  lead  and  arsenical  poisoning.  Hysteria 
is  one  of  the  most  frequen  t  causes  of  this  affection  ;  while,  on 
the  other  hand,  aphonia  is  one  of  the  most  frequent  symptoms 
of  hysteria.  Laryngeal  paralysis  from  organic  disease  of  the 
nerve  centres  is  rare,  but  it  sometimes  occurs  in  the  course  of 
tabes  dorsalis  and  in  progressive  cerebral  paralyses.  Unilateral 
paralysis  of  the  vocal  cords  sometimes  results  from  an  attack  of 
apoplectic  hemiplegia. 

Symptoms. — The  larynx  contains,  on  the  one  hand,  the 
organs  of  voice  and  speech,  and,  on  the  other,  it  provides  a 
free  opening  for  the  passage  of  air  during  respiration. 
Paralysis  of  the  laryngeal  muscles,  therefore,  gives  rise  to  two 
prominent  symptoms  corresponding  to  the  double  function  of 
the  organ ;  the  lirst  consisting  of  disturbances  of  voice  and 
speech,  and  the  second  of  disturbances  of  respiration.  When 
the  vocal  affection  is  the  most  prominent  symptom,  the  disease 
has  been  called  ^lixmetic  itaralyaia,  and  when  the  affection  of 
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respiration  predominates,  it  Las  been  called  respiratory 
■paralysis;  when  there  is  marked  disorder  of  both  functions, 
the  disease  has  been  called  mixed  laryngeal  jxtralyais. 

Paralysis  of  the  laryngeal  muscles  may  be  divided  into 
unilateral  or  bilateral  paralysis,  according  to  its  extent,  and 
each  of  these  may  be  subdivided  into  total  or  partial  paralysis, 
according  to  its  degree. 

Phonetic  paralysis  occurs  when  the  muscles  which  render 
tense  and  approximate  the  vocal  cords  are  paralysed,  and  the 
affection  of  voice  may  vary  from  slight  hoarseness  to  complete 
aphonia,  accordiag  to  the  de^ee  and  extent  of  the  paralysis. 

Respiratory  paralysis,  on  the  other  hand,  occurs  when  the 
muscles  which  widen  the  aperture  of  the  glottis — the  crico- 
arytxnoidei  postici — are  paralysed.  In  such  cases  the  voice  is 
unaffected,  and  even  the  disturbance  of  respiration  may,  during 
rest,  be  so  slight  as  to  be  scarcely  perceptible,  although  difficulty 
of  respiration  is  readily  induced  on  slight  exertion  ;  but  at  other 
times  the  affection  gives  rise  to  the  most  alarming  inspiratory 
dyspnoea. 

Mixed  paralysis  of  the  laryngeal  muscles  occurs  when  both 
the  muscles  which  dilate  the  glottis  and  those  which  render 
tense  and  approximate  the  vocal  cords  are  affected,  and  the 
disease  is  characterised  by  disturbances  botli  of  voice  and  of 
respiration. 

Fig.  54. 


Flo.  M  (From  L»ndota'  "  Phyiiologie").  Larytujotrnvie  apptaranett  ef  Ote  faiMl| 
ofVularifnx.—L.,  The  root  of  the  tongue  ;  V.  Y.,  Ulono-epiglottiileui  lis«m«D(  ; 
£.,Tbe  fpiiflottw;  R,  glottis;  L.  r.,The  true  voc>l  c<inl ;  S.  Jf  ,  OpcriinK  into 
the  »inu8  o(  Morgagni ;  i.  v.  *  .  Th  e  f aliw  voc»l  corda  ;  S.  H. ,  The  pmjeotioii  of  tb« 
cutiiagea  of  .Santorini ;  P  ,  Pharynx  wall ;  IV.  IT.,  The  cartilag«  of  WriabeiK 
in  tha  kry-epidlotiicleao  %aaMat ;  &  p.,  The  aiiuu  pinfonDia. 
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liaryngotcopic  apptarancc  of 
the  larynx  during  quitl  bnaUimg. 


Fig.  66. 


Tke  most  important  signs  of  paralysis  of  Ibe  laryngeal 
muscles  are  observed  on  laryngoscopic  examination;  and  as  tbe 
vocal  cords  are  placed  under  the  simplest  condition  in  the 
mixed  forms  of  paralysis,  we  shall  describe  these  first. 

Mixed  Paralyaea.— In  complete  bilateral  paralysis  of  the  laryn- 
geal muscles  tbe  glottis  assumes  tbe  cadaveric  position,  and 
remains  immovable  and  unchanged  during  attempts  at  phonation. 
The  relaxed  cords  are  drawn  somewhat  downwards  during 
inspiration,  and  pushed  slightly 
upwards,  and  probably  slightly 
removed  from  one  another,  during 
expiration  (Wylie) ;  but  these 
slight  movements  are  very  diffe- 

rent  from  the  active  movements 

B  caused  by  contracting  muscles. 

In    complete   bilateral   jmra- 

t  lysis  the  interference  with  respi-  Fio.  55. 
ration  may  be  so  8%ht  as  to 
escape  notice  during  quietude; 
_^  but  dyspncea  is  readily  induced 
B  oi^  slight  exertion,  and  it  is 
accompanied    by    stertorous    or 

IBtridulous  inspiration  caused  by 
the  narrowed  glottis,  and  tbe 
irregular  manner  in  which  the 
vocal  cords  vibrate.  From  the 
position  of  tbe   vocal   cords  it  is    Fio  66.  Thelmyivoicopieappearanft 

■  manifest  that  where  the  para-      of  the  u,r„nx  during  toeaiuation. 
lysis  is  complicated  by  a  slight 
catarrh  dyspnoja  will  be  readily 
induced. 

In  complete  tinilateral  para- 

■  lysis  of  the  laryngeal  muscles  the 
vocal  cord  of  the  corresponding 
side  is  motionless,  its  free  edge 
is  slightly  removed  from  the 
middle  line,  and  tbe  vocal  cord 
of  the  sound  side  alone  vibrates 
during  attempts  at  phonation. 


Fia.  67. 


L. 


Fio.  57.  The  Utryagomopif  appearanee 
of  the  larynx  durinfi  dttfi  inipira- 
tion,  iluncing  the  bifurcation  vf  the 
trachea. 
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In  incomplete  paralysis,  whether  unilateral  or  bilateral, 
power  of  excursion  of  the  vocal  cord  is  merely  diminished  and 
not  entirely  lost. 

Respiratory  Paralysis. — When  the  crico-arytaenoidei  postii 
are  paralysed,  the  vocal  cords  assume  the  cadaveric  position  jui 
as  in  complete  paralysis  of  all  the  laryngeal  muscles.  In 
isolated  paralysis  of  the  abductors  of  the  larynx,  however,  the 
approximation  and  paralleliiim  of  the  vocal  cords  can  still  be 
accomplished,  and  the  voice  remains  unaffected;  but  the  glot 
does  not  dilate  during  deep  inspiration,  and  the  cords  canni 
be  separated  beyond  the  cadaveric  position.  The  respirati 
function  is  at  first  only  slightly  interfered  with,  in  a  wa 
exactly  corresponding  to  that  which  has  been  described 
occurring  in  complete  paralysis  of  all  the  muscles.  But 
complete  paralysis  the  contractile  power  of  both  the  abductoi 
and  the  adductors  is  abolished;  while  in  paralysis  of  the  cri 
aryta;noidei  postici  the  abductors  alone  are  paralysed,  while  tb 
adductors  remain  active.  The  healthy  adductors  after  a  timi 
undergo  "paralytic  contraction,"  and  consequently  drag  th 
vocal  cords  still  further  towards  the  middle  line,  so  that  ihi 
cadaveric  position  of  the  cords  is  much  exceeded,  and 
glottis  is  almost  completely  closed.  The  glottis  is  now  coi 
verted  into  a  narrow  slit,  and  becomes  quite  inadeijuat*  ti 
carry  on  ordinary  respiration. 

When  the  paralysis  is  complete,  the  adductor  muscles  sooi 
contract  to  such  an  extent  as  to  give  rise  to  the  noisy  breathin^ 
characteristic  of  croup.  Owing  to  the  marked  constriction 
the  glottis  respiration  becomes  laborious,  the  accessory  muscl 
of  inspiration  are  brought  into  action  in  order  to  overcome 
obstruction,  inspiration  is  prolonged  and  noisy,  while  expiratioi 
is  comparatively  easy  and  quick  ;  the  breathing  is  what  ha* 
been  described  as  the  "  forced  costal  type ; "  whilst,  in  com 
quence  of  the  difference  of  atmospheric  pressure  above  an( 
below  the  constricted  part,  the  larynx  moves  up  and  down  oou 
siderably  during  each  respiratory  act. 

On  laryngeal  examination  it  is  seen  that  the  vocal  cords  are 
approximated  so  that  only  a  narrow  linear  chink  is  left  between 
them,  while  the  cords,  instead  of  separating  during  foi 
inspiration,  approach  each  other  so  closely  aa  almost  complete!; 
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to  close  the  glottis.     Tlie 


Bparated  slightly  dt 


■da  are  separated  slightly  during 
each  expiratory  act.  During  intonation  the  vocal  cords  and 
arytenoid  cartilages  approach  one  another  in  a  perfectly  normal 
manner. 

Incomplete  bilateral  paralysis  may  exist  for  a  long  time 
without  giving  rise  to  difficulty  of  breathing.  It  is  probable 
that  in  many  such  cases  the  respiratory  troubles  continue  so 
slight  that  they  do  not  attract  attention,  and,  owing  to  the  entire 
absence  of  affection  of  voice,  the  patient  may  not  be  subjected 
to  laryngoscopic  examination,  aud  the  disease  thus  not  detected. 
The  atTection  also  does  not  give  rise  to  any  very  manifest  .symp- 
toms when  it  is  unilateral,  but  such  a  condition  could  doubtless 
be  detected  on  laryngoscopic  examination. 

Phonetic  Parali/aiti. — Paralysis  of  the  muscles  which  render 
tense  and  approximate  the  vocal  cords,  gives  rise  to  disorders  of 
voice. 

(1)  In  bilateral  paralysis  of  the  adductors  the  glottis  is  par- 
tially open,  and  both  the  arytaenoid  cartilages  and  the  vocal 
cords  are  immovable  during  attempts  at  plionation,  the  latter 
do  not  vibrate,  and  the  glottis  cannot  be  closed  in  coughing,  on 
making  an  effort,  or  during  deglutition;  while  there  is  complete 
aphonia. 

(2)  In  unilateral  jxiralysis  of  the  adductors  the  vocal  cord 
of  the  affected  side  is  removed  from  the  middle  line,  and  cannot 
be  approximated  to  its  fellow.  The  affected  vocal  cord  can 
only  vibrate  with  its  edge,  and  consequently  the  voice  is  feeble, 
and  readily  assumes  the  falsetto  character. 

(3)  Paralysis  of  the  crico-thyroid  muscles  occurs  when  the 
superior  laryngeal  nerve  is  implicated  in  disease,  either  directly 
or  through  the  spinal  accessory  nerve.  When  these  muscles 
are  paralysed  the  vocal  cords  cannot  be  rendered  tense  ;  hence 
the  voice  becomes  hoarse  and  deep,  and  the  production  of  high 
notes  is  difficult  or  impossible.  Disease  of  the  superior 
laryngeal  nerve  also  paralyses  the  thyro-aryta>no-epi^lottidei, 
and  the  epiglottis  is  consequently  drawn  towards  the  tongue, 
80  that  during  deglutition  it  is  not  depressed  over  the  aperture 
of  the  glottis  ;  hence  food  and  drink  obtain  entrance  into  the 
larynx,  and  give  rise  to  distressing  symptoms.  In  paralysis  of 
the  tensors  of  the  vocal  cords  the  glottis  closes   completely 
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(luring  strong  expiratory  eflforta,  as  in  coughing,  and  the  aryta- 
noid  cartilages  are  quite  movable  during  attempts  at  phonatio 

(4)  In  jxiralysia  of  the  thyro-arytcenokUi  the  ligamentoa 
part  of  the  glottis  remains  open,  while  juxtaposition  of  t 
aryteeuoid  cartilages  takes  place. 

(5)  In  parabjsla  of  the  crico-arytivnoidei  laUralia  the  glot 
remains  open  in  the  form  of  a  tolerably  broad  ellipse 

(6)  In  paralysis  of  tfie  aryttenoidei  the  ligamentous  portion 
closes  almost  completely,  while  the  interspace  between  the  ary* 
teeuoid  cartilages  remains  open. 

Although  loss  of  voice  is  present  in  paralysis  of  all  the  tenaor 
and  constrictor  muscles,  yet  it  is  most  marked  in  the  cases 
where  the  interspace  between  the  cartilages  remains  open ; 
while  the  voice  may  be  very  little  affected  in  the  cases  where 
the  cartilages  close  and  the  ligamentous  portion  remains  open 
Under  the  former  circumstances  the  blast  of  air  escapes  throuj 
the  patent  glottis  respiratoria,  and  the  cords  are  not  set  in  vibra4 
tion  -,  but  under  the  latter,  the  blast  of  air  must  pass  through 
the  glottis  vocalis,  and  a  certain  degree  of  vibration  of  the  cords 
will  be  caused.  i 

Iq  peripheral  laryngeal  paralysis,  due  to  compression  or  iojorjH 
to  the  recurrent  nerve,  the  muscles,  like  others  under  similar^ 
conditions,  lose  their  faradic  and  galvanic  contractility. 

(7)  Rhewrnntie  laryngeal  paralysis  is,  as  a  rule,  unilateral, 
and  may  be  complete  or  incomplete ;  occasionally  it  is  bilateral 
When  the  paralysis  is  incomplete,  the  thyro-arytaenoidei  are 
afifocted  by  preference;  and  in  paralysis  of  these  muscles,  u 
already  remarke<l,  the  ligamentous  portion  of  the  glottis  does 
not  close  completely.  Rheumatic  paralysis  is  frequently  aaM>- 
ciated  with  catarrhal  conditions  of  the  larynx,  but  how  far  any 
causal  relation  obtains  between  them  is  not  known. 

(8)  Hysierieal  aphonia  appears  generally  to  result  from 
paralysis  of  the  arytaenoid  muscles ;  so  that  while  the  ligv 
mentous  portion  of  the  glottis  closes,  the  interspace  between 
the  cartilages  remains  open.  This  form  of  aphonia  occurs  in 
paroxysms,  which  sometimes  come  on  at  regular  periods  of  the 
day ;  and  during  the  interval  the  laryngoscopic  appearance! 
are  quite  normal. 

Tlie  Diagnosis  depends  entirely  on  the  appearances  present 
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by  the  glottis  on  laryngoscopic  examination,  although  valuable 
confirmatory  evidence  is  afforded  by  the  general  symptoms. 

The  Prognosis  depends  upon  the  nature  of  the  cause.  It  is 
most  favourable  in  hysterical  and  rheumatic  paralysis,  and  in 
that  which  occurs  after  severe  exertion  of  the  voice,  and  as 
a  sequel  of  acute  infectious  diseases.  W^hen  the  paralysis  is 
caused  by  compression  or  injury  of  the  nerve,  the  prognosis  is 
unfavourable,  and  it  is  equally  unfavourable  in  paralysis  of 
organic  disease  of  the  nerve  centres. 

Treatment. — The  treatment  must  vary  according  to  the  cause 
of  the  affection,  and  in  severe  cases  of  laryngeal  paralysis,  due 
to  compression  of  the  recurrent  nerves  by  aneurisms  and  other 
tumours,  the  treatment  must  be  directed  to  the  primary  disease, 
and  this,  unfortunately,  is  in  most  cases  of  very  little  avail  a.s 
far  as  the  laryngeal  symptoms  are  concerned.  In  most  cases  of 
laryngeal  paralysis  the  best  direct  treatment  consists  in  the 
local  application  of  the  faradic  current.  One  of  the  electrodes 
may  be  passed  by  the  aid  of  the  laryngoscope  into  the  larynx, 
[while  the  other  is  placed  on  some  part  of  the  surface.  The 
instruments  devised  by  Duchenne  and  by  Morel  Mackenzie 
answer  very  well  for  the  purpose,  but  this  method  of  applica- 
tion is  somewhat  troublesome,  and  requires  a  certain  amount  of 
special  skill  not  possessed  by  the  majority  of  physicians.  Except 
in  very  obstinate  cases  the  percutaneous  application  of  the 
faradic  or  galvanic  currents  \n  amply  sufficient,  so  that  the 
trouble  of  passing  the  electrode  into  the  larynx  is  avoided.  In 
hysterical  aphonia,  indeed,  the  application  of  the  faradic  brusli 
over  the  surface  of  the  hirynx,  so  as  to  cause  pain,  is  probably 
more  efficacious  than  even  intralaryngeal  faradisation. 

The  subcutaneous  injection  of  strychnia  has  been  found 
useful  by  Waldenburg  and  others  in  rheumatic  and  catarrhal 
laryngeal  paralysis,  and  in  that  occurring  after  diphtheria. 

§  281.  Neuroses  of  the  Pulmonary  Plexus. 

Spasm  oftfte  Bronchioles  (Asthma  bronchiale  seu  nerwaum). 
Nervous  asthma  consists  of  paroxysmal  attacks  of  difficulty  of 
breathing  caused  by  general  contraction  of  the  smaller  bronchial 
tubes. 

Etiology. — Asthma  is  often  inherited,  and  frequentlydescends 
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directly  from  parents  to  children.     One  member  of  a  family 
may  sufier  from  asthma,  while  others  suffer  from  epilepsy  am 
allietl  affections.      Males  are  twice  as  frequently  affected 
females.    The  first  attack  generally  occurs  prior  to  the  age  of  tei 
although  it  may  appear  at  any  age  from  birth  to  extreme  old  ag( 

The  exciting  causes  may  be  direct  or  indirect.     The  direct 
causes  act  on  the  mucous  membrane  of  the  bronchial  tul)e!Vj 
The  most  usual  of  these  are  the  inhalation  of  smoke,  du 
or  irritating  gases ;   the  smell  of  cats,  dogs,  horses,  or  oth< 
animals;  the  scent  of  the  privet,  rose,  and  other  flowers;  th 
emanations  from  new-mown  hay  and  powdered  ipecacuanh. 
Change  of  locality  has  a  very  curious  influence  on  the  disease. 
Some  asthmatics   can   live  a  comfortable    life   in   the    most 
crowded  thoroughfares   of  towns,   who   are  subject  to  severe 
paroxysms  of  dyspnoea  in  pure  country  air.     Some  suffer  moat 
in  high    altitudes,   others    at   a   low  elevation,    some    in  dry, 
others  in  a  moist  atmosphere,  and  some  can  live  with  toierablo: 
comfort  on  one  side  of  a  street  and  suffer  greatly  on  the  oppo- 
site side.     I  have  seen  a  boy  four  years  of  age  who  had  hii 
first  attack  on  being  transferred  from  London  to  a  count: 
village  in  Yorkshire,  far  removed  from  the  smoke  of  factori' 
He  bad  a  severe  paroxysm  on  each  of  three  consecutive  nights 
in  which  he  slept  in  one  bedroom ;  but  on  being  transfer 
on   the  third  night   to  an  adjoining  bedroo'n  the  paroxysi 
ceased,  and  ho  had  only  one  attack  during  the  following  air 
months.     On  this  occasion  he  was  sent  to  sleep  in  the  fint 
bedroom,  but  a  severe  paroxysm  soon  developing  he  was  obliged 
to  be  removed,  when  the  dyspnoea  immediately  ceased 

The  indirect  causes  are  certain  articles  of  diet,  which  diffei 
almost  for  each  patient,  distention  of  the  stomach,  constipaiioo 
and  violent  emotions. 

Si/mj)t(ym8. — The  asthmatic   attack    is   often    preceded   b; 
certain  premonitory  symptoms,  which  vary  in  different  cases. 
The  most  usual  symptom  consists  of  a  feeling  of  constriction 
across   the  chest   with  a  slight  tendency  to  wheeze,    but  at 
times   it  consists  of  flatulence,  depression,  or   even    unusual 
buoyancy  of  spirits.     One  asthmatic  patient  told  me  that 
knew  a  severe  attack  was  about  to   begin  when   he   pi 
an  abundant  quantity  of  clear  limpid  urine.     The  symptoms 
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of  the  paroxysm  are  those  of  intense  dyspnoea,  and  they  are 
usually  well  described  in  works  devoted  to  diseases  of  the 
chest,  so  that  it  is  unnecessary  to  describe  them  in  detail  in 
this  place.  The  patient  is  probably  roused  at  from  two  to  four 
o'clock  in  the  morning  with  an  intense  feeling  of  suffocation. 
During  the  paroxysm  the  breathing  is  alow  and  laboured  and 
effected  with  the  most  violent  eflfort.  The  patient  sits  with 
head  thrown  back,  dilated  nostrils,  and  mouth  widely  open. 
The  accessory  muscles  of  inspiration  are  thrown  into  energetic 
action,  and  the  patient  generally  grasps  some  fixed  object  so  as 
to  give  them  increased  purchase.  The  patient  bears  an  expres- 
sion of  deep  anxiety;  the  surface  is  pale  and  ghastly;  the  hands 
and  feet  cold  and  livid ;  the  body  bathed  in  sweat ;  the 
eyes  are  congested  and  protnidiog  ;  the  pulse  is  small,  feeble, 
and  often  irregular.  The  lungs  become  expanded  and  hyper- 
resonant  on  percussion,  tlie  diaphragm  is  depressed,  and  the 
liver  and  spleen  displaced  downwards ;  and  on  auscultation 
the  normal  respiratory  murmur  is  completely  replaced  by  loud 
sibilant  ronchi. 

The  duration  of  a  single  paroxysm  is  comparatively  brief, 
but  a  series  of  them  may  extend  over  a  few  weeks. 

Prognosis. — So  far  as  any  immediate  danger  to  life  is  con- 
cerned the  prognosis  is  favourable ;  but  as  a  rule  it  recurs  at 
regular  intervals  of  time  duriug  the  remaiuder  of  life.  When 
the  disease  begins  in  infancy  it  often  disappears  during  the 
adult  period  of  life,  but  when  it  comes  on  late  in  life  it  is 
usually  permanent. 

Pathology. — The  symptoms  are  caused  by  spasmodic  contrac- 
tion of  the  muscular  tissue  of  the  bronchial  tubes.  This  spasm 
may  be  excited  either  by  direct  irritation  of  the  trunk  of  the 
vagus,  or  in  a  reflex  manner  by  irritation  of  the  sensory  nerves. 

Treatment. — The  treatment  during  the  attack  must  be 
directed  to  allay  the  distressing  symptoms.  All  the  exciting 
causes,  whether  acting  directly  on  the  bronchi,  or  indirectly 
through  the  stomach  uterus  or  other  organs,  must,  if  possible, 
be  removed.  The  most  useful  direct  remedies  during  the  attack 
are  tartar  emetic,  ipecacuanha  in  emetic  doses;  while  tobacco, 
lobelia  inflata,  datura  strammonium  or  datura  tatula  may 
be  used   as  cigarettes,  or  in  the  form  of  tincture  or  eT;.tTOJtV. 
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Belladouna,conium,or  hyoscyamus  may  be  given  in  strong  coffee ; 
alcohol,  and  nitre  paper  burnt  in  the  apartment,  are  useful  and 
often  convenient  remedies  ;  but  in  severe  paroxysms  the  greatest 
relief  is  obtained  from  the  inhalation  of  chloroform  or  ether. 

In  the  interval  between  the  attacks  care  must  be  takea  to 
avoid  all  the  exciting  causes  of  the  affection.  The  patient 
must  be  allowed  to  select  his  own  residence,  as  it  is  not  possibl 
beforehand  to  tell  what  kind  of  air  and  climate  will  best  suil 
him.  The  greatest  care  must  be  taken  in  the  regulation  of  tb 
diet,  and  in  maintai  oing  the  surface  of  the  body  from  being  chilled 
by  wearing  dannel  next  the  skin. 
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§  282.  Neuroses  of  the  Trunk  of  the  Vagus. 

The  trunk  of  the  vagus  is  liable  to  be  injured  by  v 
causes,  such  as  gunshot  wounds,  section,  excision  or  ligature  of 
the  nerve  during  surgical  operations  for  the  extirpation  of 
tumours,  or  ligature  of  the  carotid  artery ;  and  compression  or 
secondary  implication  of  the  vagus  from  tumours  of  tbi 
lymphatic  glands,  abscesses  in  the  neck,  aneurism  of  the  la' 
arterial  trunks  in  the  chest  and  neck. 

Id  the  majority  of  cases  the  injury  is  limited  to  one  sid«»,  ua 
may  occur  either  above  or  below  the  point  of  origin  of  thi 
recurrent  laryngeal.  The  symptoms  correspond  in  the  majority] 
of  cases  to  those  which  are  observed  in  the  lower  animals  after 
experimental  injury.  When  the  phenomena  of  irritation  pre- 
dominate, the  action  of  tho  heart  is  rendered  slow  and  irregular, 
and  the  symptoms  of  angina  may  be  present. 

More  frequently,  however,  the  symptoms  are  those  of  paralysl 
of  the  vagus.  Passing  over  the  symptoms  of  laryngeal  paralysis^ 
which  have  been  described  already,  paralysis  of  the  vagus,  tiiherj 
unilateral  or  bilateral,  causes  increase  in  the  frequency  of  the 
pulse,  which  may  beat  permanently  at  the  rate  of  120 — 160 
per  minute,  and  the  radial  pulse  becomes  small  and  scarcely^ 
perceptible,  and  the  arterial  tension  is  diminished. 

The  alteration  of  the  pulse  is  a  striking  symptom  of  »low 
growing  mediastinal  tumours,  and  may,  indeed,  for  a  long  time 
be  the  only  symptom  by  which  the  presence  of  the  tumour 
can  be  suspected.     In  such  cases  the  action  of  the  heart  di 
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not  appear  to  be  rendered  slow  by  the  use  of  digitalis.  In  the 
majority  of  cases  the  symptoms  caused  by  mechanical  com- 
pression of  the  lungs  and  surrounding  textures  are  present,  and 
then  the  diagnosis  is  much  facilitated.  In  pure  compression  of 
the  vagus,  death  may  result  from  syncope  caused  by  iiritation  of 
the  inhibitory  fibres  of  the  vagus, 

§  283.  Newronea  of  the  Cardiac  and  OatArie  Plemuea. 
The  part  which  the  vagus  takes  in  the  neuroses  of  the  cardiac 
and  gastric  plexuses  cannot  as  yet  be  separated  from  the  action 
of  the  sympathetic ;  hence  it  will  be  as  well  to  deal  with  these 
plexuses  when  the  diseases  of  the  sympathetic  system  of  nerves 
are  under  consideration. 

(IU.HDISEASE3  OF  THE  SPINAL  ACCESSORY  NERVE. 
The  spinal  accessory  nerve  subdivides  into  two  branches — an 
external  derived  from  the  spinal  cord,  and  an  internal  branch 
derived  from  the  medulla  oblongata.  The  external  branch  is 
distributed  to  the  sterno-cleido-mastoid,  and  trapezius  muscles, 
which  receive  branches  also  from  the  cervical  plexus;  the 
internal  branch  blends  with  the  trunk  of  the  pneumogastric 
nerve,  and  supplies  the  muscles  of  the  larynx  through 
the  recurrent  laryngeal  nerve.  The  spinal  accessory  being  a 
purely  motor  nerve,  its  diseases  ought  probably  to  have  been 
described  in  the  preceding  chapter;  but  inasmuch  as  it  belongs 
to  what  Meynert  calls  the  "  mixed  lateral  system"  of  nerves, 
and  is  closely  related  anatoraicaUy  to  the  vagus,  I  have 
determined  to  place  the  affections  of  this  nerve  amongst  those 
of  the  mixed  cranial  nerves. 


§  28-t.  Spasm  in  the  Region  of  the  External  Branch  of 
til*  Spinal  Accessory.  Wiy-neck.  Spaamodie  Wry-neck 
(Caput  Obatipum  SpaaticuviJ. 

Etiology. — The  causes  of  the  disease  are  often  obscure.  It 
may  come  on  suddenly  during  the  night,  and  without  any 
assignable  cause;  but  more  commonly  the  onset  is  gradual,  and 
often  so  insidious  that  the  real  nature  of  the  malady  is  at  first 
overlooked.  Brodie  mentions  the  case  of  a  woman  in  whom 
the  spasmodic  affection  alternated  with  insanity.  The  rela- 
cc 
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tives  of  those  suffering  from  wry-neck  are  not  unfrequentlj 
subject  to  hysteria  and  other  nervous  affections. 

The  male  sex  is  rather  more  frequently  affected  than  the 
female,  and  the  disease  is  generally  an  affection  of  adalt 
life.  The  most  usual  exciting  causes  are  excessive  exertion, 
violent  emotions,  exposure  to  cold,  drunkenness,  and  poverty. 
It  may  be  caused  by  reflex  irritation  of  remote  organs,  such 
as  the  intestinal  canal  and  uterus. 

Symptoms. —  Wry-neck  may  be,  like  facial  spasm,  either 
tonic  or  clonic ;  but,  unlike  what  occurs  in  the  latter  disease, 
the  tonic  is  much  more  common  than  the  clonic  form  of  the 
former. 

(1)  The  tonic  form  (caput  obstipum  spasticum)  is  almost  ex- 
clusively confined  to  one  of  the  sterno-cleido-mastoid  muscle*, 
but  a  part  of  the  trapezius  is  often  affected.  This  form  of  the 
disease  being  always  unilateral  the  contracted  muscle,  from  the 
obliquity  of  its  direction,  rotates  the  head  so  that  the  occiput  is 
approximated  to  the  shoulder  of  the  affected  side,  the  ear  of  the 
flame  side  drawn  towards  the  clavicle,  and  the  chin  turned  up- 
wards and  away  from  the  opposite  shoulder.  In  chronic  caaes 
the  cervical  region  of  the  vertebral  column  becomes  the  seat  of 

Fio.  68. 
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permanent  curvature,  the  convexity  of  which  is  directed  to  the 
sound  side,  while  there  is  a  compensatory  curve  in  the  dorsal 
and  lumbar  regions.  When  the  trapezius  alone  is  the  seat  of 
spasm  the  head  is  drawn  strongly  backwards  and  iuclitied  to 
the  affected  side,  there  is  no  turning  of  the  chin,  the  point  of 
the  shoulder  is  elevated,  and  on  any  attempt  being  made  to 
bend  the  head  forwards  the  mu.scle  becomes  tense  and  painful. 

(2)  The  clonic  form  of  spasm  of  the  muscles  of  the  neck 
may  be  either  unilateral  or  bUateral.  Sometimes,  indeed,  the 
unilateral  variety  invades  both  sides,  but  in  such  a  case  the 
muscles  on  each  side  contract  alternately  or  quite  irregularly ; 
while  in  the  true  bilateral  variety  the  affected  muscles  on  both 
sides  act  in  concert. 

The  disease  generally  begins  with  uneasiness  in  the  neck, 
extending  from  the  back  of  the  neck  or  the  occiput  to  one  of 
the  shoulders.  It  is  soon  noticed  by  the  patient  or  his  friends 
that  the  head  is  not  straight,  and  as  the  disease  advances  the 
uneasiness  amounts  to  pain,  which  may  occasionally  be  very 
severe,  but  is  generally  of  a  dull  aching  character,  seated  in  the 
course  or  at  the  insertion  of  the  muscle.  The  movements  of 
the  head  will  of  course  depend  upon  the  muscles  attacked ; 
but  in  the  usual  variety,  where  one  of  the  sterno-cleido- 
mastoid  muscles  is  affected,  it  is  rotated  obliquely  to  one  side 
by  a  succession  of  jerks  in  such  a  manner  that  the  occiput  is 
turned  towards  the  shoulder  and  depressed,  and  the  chin  is 
elevated  in  the  opposite  direction.  The  muscle  on  the  side 
to  which  the  head  is  drawn  down  is  found  hard  and  con- 
tracted, and  frequently  hypertrophied.  When  the  trapezius  is 
affected,  the  head  is  bent  back  and  the  shoulder  raist'd  as  has 
already  been  described.  At  the  end  of  a  short  time,  gene- 
rally a  few  seconds,  the  muscle  relaxes  and  the  head  returns 
to  the  normal  position ;  but  this  is  soon  followed  by  a  second 
contraction  and  a  second  rotation.  In  the  beginning  of  the 
disease  there  is  a  considerable  interval  between  each  con- 
traction, but  as  it  advances  this  interval  is  so  shortened  that 
there  may  be  22  (Bell)  or  30  (^llasse)  contractions  in  the  minute. 
Romberg  counted  Jl  oscillations  of  the  head  in  fifteen  seconds 
in  a  young  girl  affected  by  the  disease.  In  an  early  stage  of 
the  affection  the  patient  may  arrest  the  spasm  by  a  voluntary 
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eiTort,  and  Bell  mentions  a  case  where  the  patient,  when  the 
paroxysm  was  at  its  worst,  was  able  by  volition  to  relax  tLe 
muscle,  but  only  for  a  short  time.  The  .spasm  may  also  be 
arrested  by  fixing  the  head  and  neck  ;  and  with  this  vie» 
the  patient  frequently  supports  the  head  with  both  bandi 
or  places  it  against  a  resisting  object,  as  a  wall ;  and  it  may  aba 
cease  if  the  attention  be  strongly  attracted.  On  the  other  hand, 
the  spasms  are  increased  by  everything  that  lowers  the  general 
health,  by  emotional  excitement,  and  physical  exertion. 

lu  a  case  of  moderate  intensity  the  patient  is  able  to 
counteract  the  spasm  by  a  voluntary  contraction  of  the  muscles 
of  the  opposite  side ;  and  from  the  continual  antagonism  of  tbe 
involuntary  and  voluntary  actions  during  waking  hours,  tbe 
head  presents  a  series  of  oscillations,  in  which  the  chin  it 
deviated  to  the  opposite  side  by  the  former,  and  immediately 
drawn  back  to  the  middle  line  by  the  latter,  so  that  tbe  bead 
on  tbe  whole  is  maintained  in  a  central  position.  But  whes 
the  disease  has  lasted  for  a  longer  period,  the  voluntary  is  ovi 
powered  by  tbe  spasmodic  action,  so  that  the  patient  caom 
(without  extraneous  aid,  as  by  pulling  it  with  the  hands)  brini 
the  head  into  a  central  position,  and  it  is  consequently  babituallj 
twisted  to  one  side.  Even  under  these  circumstances  the  patient  h 
may  by  a  strong  voluntary  effort  bring  the  chin  to  the  middlefl 
line,  but  the  effort  causes  distress,  and  cannot  be  maintained. 

Patients  are  distressed  by  wakefulness,  aggravated  by  the 
spasmodic  movements  of  the  head  against  the  pillow;  but  wbea 
sleep  is  coming  on  they  usually  feel  the  movements  become 
gradually  less  and  less,  and  the  spasm  ceases  entirely  during 
sleep.  This  rule,  however,  is  not  without  its  exceptions,  since 
Bell  mentions  the  case  of  a  patient  who  had  perpetual  rolling 
of  the  head  both  night  and  day. 

The  disease  is  very  rarely  confined  to  the  muscles  supplied^ 
by  the  spinal  accessory  nerve  ;  indeed,  there  is  some  reason  lofl 
beUeve  that  the  deeply-seated  muscles  at  the  back  of  the  neck —     ' 
the  splenii  and  obliqui  capitis — which  receive  their  motor  power 
trom  the  superior  cervical  nerve,  are  frequently  the  first  to  be 
affected,  and  they  are  at  least  generally  implicated.     When  tha^ 
Bcaleni  are  affected,  Romberg  has  observed  anaesthesia  and  tjeden 
of  the  corresponding  arm  caused  by  compression  of  the  bracb 


tea 


DISEASES   OF  THE   MIXED  CRANIAL  NERVEa 


437 


plexus  and  veins.     The  facial  is  also  very  frequently  involved, 
producing  various  distortions  of  the  face  ;  the  motor  branch  of 

1  the  trigeminus  causing  masticatory  spasm ;  and  in  severe  cases  the 
disease  extends  to  the  other  cervical  nerves  and  to  the  brachial 
plexus,  resulting  in  various  spasmodic  movements  of  the  arm, 
hand,  and  fingers,  closely  simulating  chorea.  Two  cases  came 
under  my  notice  in  which  spasmodic  tiction  of  the  muscles  of  thfe 
face  and  neck  was  associated  with  spasm  of  some  of  the  intercostal 
muscles  of  the  same  side,  the  action  of  the  latter  being  specially 
apparent  in  the  axillary  region  ;  and  Bell  says  of  a  patient, 
"  while  these  very  severe  fits  last,  which  is  for  about  a  minute 
each  time,  his  breathing  is  performed  with  difficulty,  and  he 
gasps  as  if  he  were  suffocating."  This  variety  of  the  disease  is 
usually  confined  to  the  one  side  of  the  body,  but  occasionally 
both  sides  are  affected.  When  the  two  sterno-cleido-mastoids 
are  implicated,  the  bead  is  rotated  first  to  the  one  side  and  after 
a  time  to  the  other,  according  as  the  action  of  the  one  or  of  the 
other  predominates ;  and  occasionally  the  two  may  happen  to 
contract  simultaneously,  in  which  case  the  bead  is  bent  for- 
wards and  the  chin  drawn  to  the  sternum.  In  very  violent 
cases  the  disease  extends  even  to  the  muscles  of  the  lower 
extremities,  so  that,  according  to  the  description  of  Bell,  "the 
whole  body  partakes  of  the  tremor."  Occasionally  difficulty  of 
deglutition  and  huskiness  of  voice  have  been  noticed  as  symp- 
toms, owing  no  doubt  to  the  extension  of  the  spasm  to  the 
muscles  respectively  concerned  in  those  functions.  The  faradic 
irritability  of  the  affected  muscles  appears  to  be  increased,  and 
an  interrupted  current,  which  causea  no  pain  on  the  healthy 
side,  may  cause  great  pain  when  passed  through  the  affected 
muscles.  When  a  constant  current  of  moderate  intensity 
is  passed  through  the  contracting  muscles  the  spasm  relaxes, 
but  it  returns  immediately,  or  soon  afterwards,  when  the  current 
is  withdrawn. 

Points  of  arrest  are  frequently  observed  in  the  course  of  the 

'  nerve  or  over  the  affected  muscles. 

(3)  The  bilateral  clonic  variety  (Eclampsia  nutans — Salaam 
convulsion)  is  almost  exclusively  confined  to  children  from  the 
first  period  of  dentition  to  puberty.  The  disease  comes  on  in 
paroxysms,  each  of  which  lasts  only  from  a  few  seconds  to  some 
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minutes,  but  generally  recurs  once  or  two  or  three  times  in  the 
course  of  the  day.  Sometimes,  however,  there  may  be  as  many 
as  six  or  ten  attacks  in  an  hour,  while  at  other  times  several 
days  may  intervene  between  them.  During  the  attack  the 
body  and  head  are  bent  slightly  forward,  and  this  is  followed 
by  almost  instantaneous  relaxation,  to  be  succeeded  after  aa 
interval  of  a  few  seconds  by  a  second  bowing  of  the  head  ;  sad 
80  on  until  the  paroxysm  ceases.  The  bowing  of  the  body  and 
head  may  be  repeated  as  often  as  twenty,  fifty,  or  a  hundred 
times  during  the  attack.  Facial  spasm,  blepharospasm,  stli- 
bismus,  or  a  slight  convulsive  movement  of  one  or  other  anD. 
or  of  one  of  the  lower  extremities,  is  often  associated  with  the 
spasmodic  action  of  the  muscles  of  the  neck,  and  attacks  of 
general  convulsions  frequently  intervene,  so  that  the  case  beoomet 
one  of  ordinary  epilepsy.  During  the  attack  the  child  aeeou 
bewildered,  but  there  is  not  complete  loss  of  consciousness;  and 
as  soon  as  the  movements  ceaso,  the  patient  may  be  quite 
bright  and  happy.  The  attack  may  sometimes  be  followed  by 
exhaustion  and  drowsiness. 

Diugiiosis. — The  "  stiflf  neck"  produced  by  exposure  to  coli 
may  be  mistaken  for  the  tonic  form  of  torticollis.  In  the  former 
case,  any  endeavour  to  move  the  muscle  causes  great  pain,  and 
usually  the  affection  is  very  temporary  in  its  duration. 

A  tonic  spasmodic  affection  of  the  muscles  of  the  neck  may  be 
the  first  symptom  to  reveal  inflammation  of  the  cervical  vertebi 
or  spinal  meningitis;  but  in  such  cases  there  is  marked  tender'^ 
ness  on  pressure  of  the  spinous  processes,  and  some  fulness  or^ 
hardness  around  or  behind  the  vertebral  column ;  and  if 
disease  progresses,  these  symptoms  are  succeeded  by  defonnitj' 
of  the  superior  cervical  region  of  the  vertebral  column  and 
paralysis. 

The  position  of  the  head  may  also  be  affected  by  varioui 
tumours  and  by  extensive  cicatrices,  but  these  cases  are  n( 
likely  to  be  confounded  with  genuine  torticollis.      Torticollis 
sometimes  a  symptom  of  organic  diseases  of  the  brain,  accom- 
panied  by  hemiplegia;  but  the  existence  of  the  paralysis  ia 
sufficient  to  distinguish  such  cases  from  the  local  disease. 

Morbid  Anatomy  and  Physiology. — No  appreciable  led 
of  that  part  of  the  nervous  system  with  which  the  diseue 
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necessarily  associated  has  hitherto  been  detected.  According 
to  Volkmann,  irritation  of  the  spinal  accessory  nerve  in  its 
passage  through  the  foramen  lacerum  causes  contraction  of 
the  stemo-cleido-mastoid  and  trapezius  mhscles  in  a  recently 
killed  animal ;  and  Brown-S<^quard  found  that  torticollis  re- 
sulted from  injury  to  certain  muscles,  the  olivary  body,  or  the 
auditory  nerve.  The  disease  is  analogous  to  writers'  cramp  and 
facial  spasm,  but  the  pathology  of  all  these  spasmodic  affec- 
tions must  be  left  for  future  investigation.  The  bilateral 
clonic  variety  sometimes  results  from  reflex  irritation,  as  that 
caused  by  teething,  and  it  may  cease  spontaneously  after  the 
first  dentition,  The  tendency  of  these  cases,  however,  is  to 
pass  into  confirmed  epilepsy,  ending  generally  in  great  impair- 
ment of  the  intellect,  a  course  which  is  often  followed  by  other 
partial  convulsions. 

Prognosis. — When  torticollis  is  of  three  or  four  months' 
duration  it  becomes  a  most  obstinate  malady.  If  the  unilateral 
clonic  form  be  of  moderate  intensity  it  may  gradually  improve 
and  yield  to  treatment,  but  it  almost  invariably  recurs,  and  in 
the  end  resists  every  effort  made  to  remove  it.  The  general 
health  is  not  necessarily  impaired,  except  in  those  severe  cases 
where  the  patient  is  worn  out  by  the  constant  agitation  and 
want  of  sleep. 

The  tendency  of  the  bilateral  variety  to  pass  into  genuine 
epilepsy  and  idiotcy  renders  the  prognosis  much  more  grave. 

Treatment. — For  the  tonic  variety,  myotomy  and  the  subse- 
quent application  of  a  suitable  mechanism  for  maintaining 
the  head  in  a  straight  position  are  the  proper  remedies.  In 
the  bilateral  clonic  form  all  possible  sources  of  irritation  must 
be  carefully  searched  for  and  removed,  and  if  the  convulsions 
still  continue  they  ought  to  be  treated  from  the  first  like 
genuine  epilep.sy,  efficient  doses  of  the  bromide  of  potassium 
being  the  most  promising  means  at  present  known. 

The  treatment  of  the  clonic  form  has  not  hitherto  been 
attended  with  much  success.  Romberg  obtained  a  satisfactory 
result  by  progressively  increasing  doses  of  sulphate  of  zinc. 
Hammond  reports  success  with  large  doses  of  the  bromide  of 
potassium,  and  it  is  probable  that  the  bromide  of  zinc  in 
gradually  increasing  doses  might  be  found  useful.     The  sub- 
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cutaneous  injection  of  morphia  and  of  atropia  have  each  been 
followed  by  great  benefit. 

Moritz  Meyer  baa  been  successful  with  electricity,  but  in  tia 
hands  of  others  the  use  of  this  agent  has  not  been  followed  by 
such  brilliant  results,  aUhough  a  certain  amount  of  benefit  has 
followed.  The  best  method  of  employing  electricity  ia  to  apply 
a  moderate  continuous  current  to  the  muscles  affected  with  j 
spasm,  and  a  faradic  current  to  their  antagonists.  Pefma-  fl 
nent  compression  by  a  suitable  mechanism  over  the  points  of  " 
arrest  has  led  to  cure.  In  the  case  of  a  policeman  kindly  sent 
to  me  by  Dr.  Dacre  Fox,  and  in  whom  spasmoid  torticollis 
suddenly  developed  after  exposure  to  wet  and  cold,  a  suitable 
mechanism  was  applied  for  producing  pressure  on  the  "  point  of 
arrest,"  under  Dr.  Hardies  superintendence.  The  iostrument 
gave  great  relief  to  the  patient,  but  after  treatment  for  six 
months  the  spasmodic  symptoms  were  not  decidedly  improved. 
The  patient  then  left  Manchester,  and  I  heard  through  Dr.  Fox 
that  he  continued  to  wear  the  instrument,  and  that  there  was 
no  abatement  of  the  spasm  until  about  six  months  afterwards, 
or  twelve  from  the  onset  of  the  disease.  About  that  time 
he  went  to  bed  one  night,  affected  as  usual,  and  woke  np 
in  the  morning  finding  himself  free  from  spasm,  and  bad  no 
return  of  the  symptoms  at  the  date  of  the  report,  some  weeks 
subsequently.  I  do  not  know  whether  the  symptoms  rectirred, 
and  it  is  of  course  impossible  to  determine  what  share,  if  any, 
the  treatment  had  in  contributing  to  the  favourable  termination 
of  the  case. 

Stretching  of  the  nerve  has  also  been  tried,  but  the  opera- 
tion has  not  hitherto  been  successful  Dr.  J.  Bennet  records 
a  case  successfully  treated  by  division  of  the  nerve  after 
stretching  had  failed.  Division  of  the  branches  of  the  spinal 
accessory  nerve  was  attempted  by  Dr.  Bujalsky,  as  reported  by 
Stromeyer,  but  it  was  not  followed  by  any  permanent  resiUt& 
Favourable  results  have  been  obtained  by  division  of  the 
affected  muscles,  an  operation  which  succeeded  in  the  hands 
of  Stromeyer;  but  was  utterly  ineffectual  in  a  case  where 
Dieffenbach  repeatedly  divided  the  sterno-cleido-mastoid,  which  ■ 
was  affected  by  intense  spasm.  ' 

Various  mechanical  contrivances  in  order  to  force  and  main' 
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in  position  have  been  employed,  but,  although 
these  may  be  of  temporary  advantage,  they  cannot  be  borne 
habitually  by  patients  sufiFering  from  confirmed  torticollis. 

§  283.  Paralysis  of  the  External  Branch  of  the  Spinal 
Accessory  Nerve. — Paralysis  of  the  Bterno-cleido-mastoid  and 
trapezius  may  co-exist,  or  either  may  occur  alone. 

Etiology. — Paralysis  in  the  region  of  distribution  of  the 
spinal  accessory  is  generally  of  peripheral  origin,  and  results 
from  compression  of  the  nerve  by  tumours,  enlarged  lymphatic 
glands,  abscesses,  or  disease  of  the  bones  of  the  skull,  or  trau- 
matic injuries  to  the  nerve.  Paralysis  may  also  result  from 
exposure  to  cold,  or  from  neuritis  in  whatever  way  caused. 
The  muscles  supplied  by  the  spinal  accessory  may  also  be 
paralysed  and  atrophied  in  progressive  muscular  atrophy. 

Symptoms. — Paralysis  of  the  sterno-cleido-mastoid  and  tra- 
pezius muscles  maybe  unilateral  or  bilateral;  while  the  muscles 
may  be  separately  or  simultaneously  affected. 

In  unilateral  paralysis  of  the  sterno-cleido-mastold  the  head 
is  held  in  an  oblique  position,  the  chin  is  elevated  and  turned 
towards  the  afiected  side,  the  prominence  of  the  healthy 
muscle  on  its  movements  being  resisted  is  absent,  tbo  head  can 
only  be  moved  in  the  opposite  direction  vrith  difficulty  and  by 
the  aid  of  other  muscles,  although  passive  movements  can  be 
readily  performed.  In  chronic  cases  contraction  of  the  healthy 
muscle  occurs,  and  causes  persistent  obliquity  of  the  position  of 
the  head. 

With  bilateral  paralysis  of  the  stemo-cleido-mastoid  muscles 
the  head  is  held  straight,  but  rotation  of  the  head,  when  the 
chin  is  elevated,  can  only  be  performed  with  difficulty.  The 
prominence  of  the  muscles  is  absent,  the  neck  looks  wasted,  and, 
if  atrophy  be  present,  a  slight  depression  is  produced  between 
the  mastoid  process  and  the  sternum. 

In  paralysis  of  the  trapezius  the  scapula  of  the  affected  side 
is  drawn  somewhat  downwards  and  forwards,  its  inner  border 
is  separated  from  the  vertebral  column  and  placed  obliquely,  so 
that  the  inferior  angle  becomes  relatively  near  to  the  vertebral 
column.    The  acromion  process  falls  downwards  and  forwards. 
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partly  &om  the  weight  of  the  arms  and  partly  from  the  anta- 
gonistic  action  of  the  rhomboideua  and  levator  anguli  scapulse ; 
hence  the  clavicle  projects,  the  supra-clavicular  fossa  is  deeper 
than  natural,  and  the  posterior  and  superior  angle  of  the 
scapula  can  be  felt  with  unusual  distiactness.  The  trapeziiu 
derives  its  nervous  supply  from  various  sources,  hence  partial 
paralysis  of  the  muscle  is  not  uncommon,  and  in  such  cases 
the  position  of  the  scapula  differs  to  some  extent  according  as 
the  upper,  middle,  or  lower  third  of  the  muscle  is  paralysed 
The  upper  third  of  the  trapezius  draws  the  acromion  upwards 
and  backwards,  and  paralysis  of  this  portion  of  the  muscle 
renders  elevation  of  the  arm  above  tho  horizontal  line  difficult. 

If  the  paralysis  be  bilateral,  the  symptoms  are  present  on  both 
sides,  both  shoulder  blades  fall  outwards  and  forwards,  the 
head  readily  sinks  on  the  che^t,  and  some  difficulty  is  ex- 
perienced in  maintaining  it  in  an  upright  and  straight  positioo. 

If  both  the  sterno-cleido-mastoid  and  trapezius  be  simul- 
taneously affected,  the  symptoms  of  the  separate  paralyses  are 
combined,  and  the  internal  branch  of  the  spinal  accessory  is  not 
unfrequently  implicated. 

Treatment. — An  endeavour  must  be  made  to  remove  tho 
cause,  and  subsequent  electrical  treatment  is  of  the  greateM 
importance.  Deformities  produced  by  secondary  contraction! 
must  be  removed  by  the  aid  of  active  and  passive  gymnastic^ 
tenotomy,  and  various  mechanical  appliances. 
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(I.)-DISEASE3  OF  THE  CEBVICAL  PLEXUS. 

§  286.  Cervico-Oecipital  Neunilgia. 
Cebvico-Occipital  Neuralgia  has  its  seat  in  the  region  to 
which  the  sensory  fibres  of  the  four  upper  cervical  nerves  are 
distributed.    The  cutaneous  nerves  of  the  cervical  plexus  are : — 

(1)  The  great  occipital  nerve,  distributed  to  the  whole  of  the 
occipital  and  posterior  parietal  regions  as  far  as  the  vertex; 

(2)  the  small  occipital  nerve,  which  is  distributed  over  the 
side  of  the  back  part  of  the  head  as  far  forwards  as  the  ear; 

(3)  the  great  auricular  nerve,  which  supplies  the  face,  the 
parotid  region,  and  the  back  of  the  external  ear;  (4)  the 
inferior  subcutaneous  nerve  of  the  neck,  which  is  distributed 
over  the  anterior  region  of  the  neck,  the  chin,  and  the  side  of 
the  cheek ;  and  (5)  the  supra-clavicular  nerves,  which  ramify 
throughout  the  clavicular  and  upper  thoracic  regions  and  the 
lower  part  of  the  neck. 

Cervico-occipital  neuralgia  may  tterefore  be  widely  spread ; 
but  the  area  of  distribution  of  the  great  occipital  nerve  is  the 
region  usually  afl'ected.  This  form  of  neuralgia  has  a  tendency 
to  spread  to  the  lower  part  of  the  face,  and  then  it  becomes 
almost  indistinguishable  from  neuralgia  of  the  third  division 
of  the  trigeminus,  It  is  sometimes  accompanied  by  great  irri- 
tation and  swelling  of  the  submaxillary  and  cervical  glands. 

Cervico-occipital  neuralgia  is  usually  excited  by  exposure  to 
draughts  of  cold  air,  and  it  may  occasionally  be  the  result  of 
injury  or  disease  of  the  upper  cervical  vertebrse. 

Painful  points  axo  usually  met  with  in  this  form  of  neuralgia;  most 
frequently  at  the  point  of  emergence  of  the  great  occipital  nerve,  abou" 
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The  paia  in  this  form  of  neuralgia  usually  radiates  widely, 
most  frequently  afifecting  the  brows,  temples,  and  cheeks, 
which  leads  to  its  being  sometimes  mistaken  for  trigeminal 
neuralgia.  The  ordinary  accompaniments  of  neuralgia  may  be 
observed,  as  hyperaesthesia  of  the  skin  of  the  occipital  region, 
or  anaisthesia,  also  spasm  or  tonic  contractions  of  the  cervical 
muscles. 

The  treatment  of  this  form  does  not  require  any  special 
mention,  since  it  must  be  conducted  on  the  general  principles 
already  detailed. 

§  287.  Phrenic  Neuralgia. — A  form  of  neuralgia  has  been 
recently  described  by  Peter,*  which  appears  to  have  its  seat  in 
the  phrenic  nerve.  It  is  probable  that  the  phrenic,  instead  of 
being,  as  has  been  supposed,  purely  motor,  is  a  mixed  nerve, 
although  this  idea  yet  awaits  experimental  confirmation.  The 
symptoms  are  severe  pain  at  the  lower  and  anterior  part  of  the 
thorax,  along  the  line  of  attachment  of  the  diaphragm,  pain  at 
the  point  where  the  nerve  takes  its  origin  from  the  cervical 
plexus  and  descends  over  the  scalenus  anticua,  and  also  along 
the  course  of  the  nerve  through  the  chest.  Pain  in  the  shoulder  is 
also  almost  a  constant  and  characteristic  symptom  of  the  affection. 


2",  Muscular  bruicli  to  spUnin*. 

3,  „  „         muscles  of  the  neclc 

4,  „  J,  muscles  of  tb«  neck. 

Go,  Great  occipital  nerve,  cutaneous  to  posterior  part  of  scalp. 
CO,  Cutaneous  branch  to  posterior  part  of  scalp  and  back  of  neck. 

5,  Muscular  branchea  to  rectus  capitis  lateralis, 

6'.         „  ,,  rectus  capitis  anti<nu  major  and  minor. 

6  ,  Communicating  branches  with  bypoglooial  and  pneumogostric  nerves. 
SO,  Small  occipital  nerve. 

6,  Muscular  branch  to  occipito  frontalis  muscle. 
6',  Auricular  branch  to  attoUena  aurem. 

7,  Muscular  branch  to  stemo-deido-maatoiclaaa,  oommunicating  with  spinal 

accessory  nerve. 
GA,  Orsat  auricular  nerve. 

m.  Mastoid  branch  to  integument  behind  ear. 
a,  Auricular  branch  to  external  ear. 

/,  Facial  branch  to  integument  of  face  over  parotid  gland. 
SO,  Superficial  cervical  nerve  to  anterior  and  lateral  parts  of  neck  and  mascalar 

to  platysma. 
ON,  Commnoicans  noni  joining  descending  branch  of  hypoglossal  nerve. 

8,  Muaculor  branch  to  levator  anguli  scapulie. 

9,  ,,  „  trapezius  communicating  with  spinal  acoeasory  nerve. 
So,  Supra-clavicular  nerves,  or  descending  branches, 
C,  Communicating  branch  to  brachial  plexus, 
P,  Phrenic  nerve. 

•  Archiv.  G&t&rol  de  M&leoine,  1872,  Tome  xvii. 
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The  painful  poitUt  are  (I)  the  spiQoas  processes  of  the  apper  oerricij 
vertebrae,  especially  from  the  second  to  the  fifth  ;  (2)  the  phrenic  neire 
itself  in  its  course  along  the  supra-clavicular  fossa  ;  (3)  the  liiie  of  attacb- 
meiit  of  the  diaphragm,  especially  anteriorly  between  the  8«Tentb  tml 
tenth  riba,  and  more  rarely  posteriorly  ;  (4)  a  point  over  the  cartilaga  of 
the  third  rib,  the  significance  of  which  is  not  obvious. 

§  288.  Spasm  of  the  Muscles  supplied  by  the  Cervical  and 
Dorsal  Nerves. 


The  following  groups  of  muscular  spasms  may  be  disti 
guished  ia  the  region  of  distributioa  of  tfae  cervical  and  doi 
nerves. 


m« 


FiQ.  eo. 


1.  Spasm  of  IndividuMl  Muscles  arui  Groups  of  iluadet^ 
in  the  Neck  and  Back,  in  the  Sfioulder,  and  in  the  Arm. 

(a)  Spasm  of  the  Splenius  Capitis.  —  In  spasm   of  tbii 
muscle  the  head  is  drawn  backwards  and  towards  the  afTecte 
side;  the  chin  somewhat  depressed  and  directed  towards  tba^ 
side  of  the  spasm,  and  not  to  the  opposite  side,  as  in  spasm  of 
the  trapezius ;  and  a  hard  ridge  can  be  felt  at  the  point  where 
the  splenius  appears  beneath  the  anterior  border  of  the  traperioB. 

The  spasm  is  generally  tonic, 
with  remissions  and  occa- 
sional more  energetic  con* 
tractions. 

(6)  Spasm  of  tfu  Olh 
liquus  Capitis  Inferior. — 
Spasm  of  this  muscle  causes 
either  intermittent  or 
sistent  rotation  of  tfae  h 
around  its  vertical  Axia, 
without  any  elevation  of  thi 
chin  or  depression  of  the 
mastoid  process.  In  clonic 
spasm  the  patient  may  b« 
observed  often  to  correct  the 
oblique  position  of  the  heoMl 
with  the  band  when  walk- 
ing, or  if  he  wishes  to  speak 
or  to  look  at  a  fixed  object 
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(c)  Spasm  of  the  deep  muscles  of  the  neck  is  characterised  by 
strong  backward  retraction  of  the  head  when  the  affection  is 
bilateral,  or  towards  the  affected  side  when  it  is  unilateral.  A 
large  proportion  of  all  the  cases  of  spasms  in  the  neck,  such  as 
stiff  neck  and  "boring  of  the  head  into  the  pillow,"  are  due  to 
implication  of  the  muscles  at  the  back  of  the  neck. 

The  treatment  is  the  same  in  principle  as  that  for  spaam  of 
the  sterno-mastoid. 

2.  Spasms  of  the  Respiratory  Muscles,  Inspiraiory  and 
Expiratory  Cramps,  Singultus,  Jtc. 

(a)  Tonic  Spasm  of  the  Diaphragm. — This  affection  is  for- 
tunately rare.  It  induces  great  dyspncea,  the  patients  being 
threatened  with  asphyxia.  The  lower  half  of  the  cbest  is 
expanded  and  immovable ;  the  epigastrium  strongly  projects; 
whilst  rapid  and  superficial  respirations  are  performed  with 
the  upper  part  of  the  chest.  There  is  severe  pain  in  the 
epigastrium  and  along  the  attachments  of  the  diaphragm, 
the  patient  is  compelled  to  sit  up  in  bed,  the  voice  becomes 
feeble  and  muffled,  and  there  is  well-marked  cyanosis ;  if  the 
attack  last  beyond  a  short  time,  death  ensues.  This  kind  of 
spasm  of  the  diaphragm  is  often  the  immediate  cause  of  death 
in  tetanus.  It  is  occasionally  a  compltcalion  in  tetany;  but 
when  it  occurs  as  an  unmixed  affection,  it  is  generally  caused 
by  exposure  to  cold,  and  on  this  account  is  usually  regarded  as 
a  rheumatic  affection  of  the  diaphragm  itself. 

Treatment. — The  treatment  must  be  very  energetic,  as  death 
may  supervene  in  a  few  minutes  unless  relief  is  obtained.  In- 
halation of  chloroform,  subcutaneous  injection  of  morphia,  hot 
fomentations,  faradisation  with  the  brush  and  a  strong  current 
applied  in  the  neighbourhood  of  the  diaphragm,  and  the  appli- 
cation of  galvanic  and  faradic  electricity  in  the  course  of  the 
phrenic  nerves,  are  the  remedies  to  be  mainly  relied  upon. 

(6)  Clonic  Spasm  of  the  Diaphiwpn,  Singultus,  Hiccough. 
Everyone  is  familiar  with  hiccough.  It  consists  of  short,  ener- 
getic, spasmodic  contractions  of  the  diaphragm,  accompanied 
by  an  inspiratory  sound,  which  is  usually  suddenly  arrested  by 
the  closure  of  the  glottis.  The  contractions  may  succeed 
each  other  rapidly;  often,  indeed,  so  rapidly  that  a  hundred 
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contractions  occur  in  a  minute.  The  attack  may,  on  the  om 
hand,  last  only  a  few  minutes ;  and  on  the  other,  for  hoars,  6nj», 
or  weeks,  and  may  recur  more  or  leas  frequently  for  yean. 

When  the  spasms  are  violent  severe  pain  is  experienced  in  tbt 
epigastrium  and  along  the  attachments  of  the  diapbragm.  Ifj 
the  hiccough  is  frequent  dyspncea  occurs,  and  the  rhythm  ofi 
the  respiration  and  articulation  is  considerably  disturbed.  The 
ingestion  of  food  is  interfered  with,  digestion  is  imperfect,  reit 
is  disturbed,  and  the  spasm  is  not  always  arrested  during  aleepi 
Spasm  of  the  diapbragm  may  occasionally  be  caused  by  direct 
irritation  of  the  phrenic  nerve  or  of  the  respiratory  centn 
Hiccough  has  been  observed  in  diseases  of  the  central  nervous 
system  and  in  injuries  of  the  skull  and  cervical  portion  of  the 
spinal  column.  Amongst  other  causes  of  hiccough  may  be 
mentioned  emotional  disturbances,  hysteria,  malarial  poiaoo, 
chlorosis,  and  cachexia.  Hiccough  in,  however,  more  frequently 
caused  by  reflex  irritation,  proceeding  from  the  subjacent  viscatm. 
Simple  repletion  or  pressure  on  the  stomach  may  cause  it,  and 
it  is  frequently  observed  in  gastric  and  intestinal  diseases  of 
all  kinds,  in  peritonitis,  in  hepatic  and  uterine  affections,  ia 
disturbances  of  menstruation,  and  in  affections  of  the  prostate 
gland.  It  may  sometimes  follow  a  prolonged  fit  of  coughing, 
and  has  been  observed  associated  with  pericarditia  It  is  generally 
an  ominous  sign  in  cancer  of  the  abdominal  viscera  and  in  other 
cachectic  conditions. 

The  prognosis  is  in  most  cases  favourable,  although  in 
hysterical  and  other  nervous  affections  it  often  resists  treatment 
in  the  most  obstinate  manner.  The  final  hiccough  in  cacheetie 
conditions  naturally  carries  with  it  a  bad  prognosis. 

Treatment. — ^The  first  object  of  treatment  is  to  remove  the 
cause.  In  slight  cases  mental  impressions,  such  as  fright  and 
strong  diversion  of  the  attention  in  another  direction,  are  often 
successful  in  removing  the  disease.  A  powerful  expiratory 
effort  sometimes  removes  the  spasm ;  and  Cruveilhier  suggested 
a  plan  which  he  found  succesaful,  namely,  to  pour  water  into  the 
mouth  until  the  patient  fears  that  he  is  about  to  be  suffocated. 
These  methods  probably  act  in  a  reflex  manner. 

In  order  to  induce  the  necessary  expiratory  effort  the  pati< 
may  be  directed  to  bold  his  breath  as  long  as  possible,  to  si 
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irith  closed  glottis,  or  to  inhale  a  strong  odour  or  pungent  smell 
so  aa  to  induce  sneezing.  When  the  spasm  does  not  give  way 
with  these  simple  methods,  hot  fomentations  or  a  blister  may 
be  applied  over  the  diaphragmatic  region.  The  faradic  brush 
applied  in  full  strength  over  the  epigastrium  and  hypochondria 
is  very  effective.    Galvanisation  or  faradisation  along  the  course 

I  of  the  phrenic  nerves  is  very  useful. 
Narcotics  are  also  useful,  the  best  being  subcutaneous  injec- 
tion of  morphia.     Opium  in  other  forms,  cannabis  indica,  and 
atropine  have  also  been  successfully  tried.     The  inhalation  of 

•  ether  or  chloroform  may  be  necessary  in  obstinate  cases. 
The  nervine  tonics,  such  as  zinc,  valerian,  assafcetida,  arsenic, 
strychnine,  and  nitrate  of  silver,  may  be  tried  in  severe  cases. 

^      (c)  Inspiratory  Spasm  (Spasmus  In^yiratoriiis). — Ininspi- 

^  ratory  spasm  there  is  a  spasmodic  rhythmic  contraction  of  all,  or 
almost  all,  the  inspiratory  musclea  True  inspiratory  spasm 
dififers  considerably  from  hiccough,  although  the  latter  frequently 
complicates  the  former.  The  essential  feature  of  the  afi'ection  is 

H  that  either  many  or  all  of  the  muscles  of  inspiration  participate 
in  the  spasm,  and  that  a  tnie  inspiration,  unbroken  by  sudden 
closure  of  the  glottis,  takes  place.     The  spasm  consists  in  a 

Bmore  or  less  rapid  succession  of  deep  inspirations,  whilst  the 
intervening  expirations  are  performed  in  the  usual  noiseless 
way.     The  chest  is  powerfully  expanded,  the  epigastrium  is 

■protnided,  the  auxiliary  muscles  of  respiration  are  excited  to 
action,  tlie  pectorales  and  sterno-cleido-mastoids  are  brought 
into  strong  relief,  the  shoulders  are  raised,  the  head  is  drawn 
backwards,  and  the  respiratory  muscles  of  the  face,  alse  nasi, 
and  eyelids  contract,  Inspiration  is  noisy,  and  it  is  often 
accompanied  by  eructation  of  gas  from  compression  of  the 
storaacL  The  spasm  usually  occurs  in  paroxysms  of  variable 
duration,  the  abdomen  is  generally  tympanitic,  and  there  are, 
as  a  rule,  other  symptoms  of  nervous  derangement,  especially 
those  characteristic  of  hysterix 

(d)  Attacks  of  Sneezing  (Stematatio  Convulsiva). — Attacks 
of  sneezing  occur  in  a  paroxysmal  and  spasmodic  form,  so  that 
the  patient  will  sometimes  sneeze  several  hundred  times  in  suc- 

Bpession.    Ordinary  sneezing  is  a  reflex  act  excited  by  irritation  of 
the  nasal  filaments  of  the  fifth  pair.     Attacks  of  sneezing  are 
DO 
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generally  accompanied  by  a  profuse  watery  secretion  from  the 
nasal  cavities;  and  when  of  long  duration,  they  cause  great 
misery  to  the  patient 

(e)  Attacka  of  Yaivning  (Oacedo,  Chaavm). — Chasma  cod- 
siatd  of  a  succession  of  yawns  following  each  other  with  greater 
or  less  rapidity,  and  accompanied  by  the  well-known  phenomena 
of  gaping,  flow  of  saliva,  secretion  of  tears,  and  hardness  ol 
hearing  with  dull  tinnitus  aurium. 

(/)  Spasmodic  cough  comprises  all  those  paroxysmal  attacks 
of  coughing  which  are  accompanied  by  a  loud,  ringing  soum 
Such  attacks  of  coughing  may  last  for  a  variable  period, 
may  also  recur  frequently  for  months  or  years. 

(flf)  Fits  of  laughing  or  crying  are  both  forms  of  expiratory 
spasm.  The  former  consists  of  a  succession  of  loud  expiratiooi 
accompanied  by  vocal  tones ;  and  the  latter  consists  of  long- 
drawn  expirations,  often  interrupted  by  sobs,  accompanied 
wailing  or  moaning  sounds,  and  generally  by  a  profuse  secretii 
of  tears.  These  actions  are  usually  associated  with  well-known 
mental  states,  and  accompanied  by  characteristic  facial  exprat- 
but  they  may  be  quite  independent  of  emotional  dis- 
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turbanccs  in  pathological  conditions,  and  are  then  designated 
as  spasmodic.  These  spasms  generally  constitute  subordinate 
fiymptoms  of  severe  general  neuroses,  especially  of  hysteria,  or 
are  produced  by  disease  of  the  central  nervous  system.  Tbeae 
spasms  may  also  be  caused  by  reflex  irritation  in  uterine 
diseases,  pregnancy,  intestinal  worms,  skin  diseases,  sexual 
excitement,  hemorrhoids,  dysmenorrhoea ;  or  in  the  case  of 
sneezing  from  irritation  of  the  mucous  membrane  of  the 
conjunctiva  and  disease  of  the  ear. 

TreatTnent. — The  first  object  of  treatment  is  to  remove 
cause,  such  as  any  source  of  reflex  irritation  or  hysteria.     The 
direct  treatment  of  these  forms  of  spasms  must  be  conducted 
by  cutaueous  irritants,  electro-therapeutics,  narcotics,  and  ani 
spasniodics.     For  the  cure  of  sneezing,  compression  of  the 
of  the  nose,  plunging  the  head  into  cold  water,  sponging 
face  and  nose  in  hot  water,  irritations  of  the  skin,  emetics,  ii 
halation  of  chloroform,  and  of  the  vapour  of  iodine,  may 
successively    tiied.      Helmholtz  has  recommended   the 


AND  BKACBIAL  PLEXUSES. 


451 


application  of  solution  of  quinine  to  the  nasal  mucous  mem- 
brane in  cases  of  Lay  asthma. 


I 


I 
I 
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§  289.  Paralysis  of  the  Muscles  of  Inspiration. 

The  muscles  of  inspiration  are  widely  separated  from  one 
another  in  position,  and  are  innervated  by  various  nerves. 

(o)  Complete  paralysis  occurs  when  the  respiratory  centres 
in  the  medulla  oblongata  are  affected.  The  medulla  may  be 
affected  by  various  degenerative  processes  which  implicate  the 
respiratory  centres,  and  the  action  of  various  poisons  arrests 
their  functional  activity.  Paralysis  of  the  muscles  of  respira- 
tion may  also  occur  when  the  motor  tracts  proceeding  from 
these  centres,  which  run  in  the  lateral  columns  of  the  cord,  are 
destroyed,  as  occurs  in  compression  of  the  cord  from  fracture  of 
the  upper  cervical  vertebrae,  and  in  these  cases  rapid  death  is 
inevitable. 

(b)  Unilateral  paralysis  of  the  fibres  in  their  course  through 
the  spinal  cord,  which  is  sometimes  observed,  does  not  imme- 
diately endanger  life.  The  respiratory  processes  are  not  generally 
interfered  with  in  cerebral  paralysis. 

(c)  PeripJoeral  paralyses  of  the  respiratory  muscles  usually 
affect  only  individual  muscles  or  a  group  of  muscles.  The  inter- 
costals,  the  scaleni,  and  other  auxiliary  inspiratory  muscles  may 
be  affected;  but  by  far  the  most  important  muscle  of  inspiration 
is  the  diuphr(tg77i,  and  when  it  is  paralysed  serious  interference 
with  the  respiratory  process  is  occasioned. 

(d)  JHaphragmatic  paralysis  is  on  the  whole  rare ;  and 
when  it  occurs  it  is  usually  bilateral,  but  occasionally  it  may 
be  partial  or  unilateral.  It  may  result  from  pleurisy  or 
peritonitis  when  the  portions  of  these  serous  membranes 
which  cover  the  diaphragm  are  affected,  but  in  these  cases  the 
muscle  is  directly  affected.  It  may  also  occur  as  a  late 
symptom  of  progressive  muscular  atrophy,  it  is  occasionally 
observed  in  hysterical  patients,  and  Duchenne  has  observed 
it  as  a  consequence  of  lead  poisoning.  Exposure  to  a  chill 
may  cause  the  disease,  especially  in  young  people,  either 
by  producing  rheumatic  paralysis  of  the  phrenic  nerve  or  by 
causing  muscular  rheumatism  of  the  diaphragm.     Paralysis  of 
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iH.)— DISEASES  OF  THE  BRACHIAL  PLEXUS. 
FlO.  61. 
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Fig.  61  (after  Flower).  Ntnu  »f  the  Brachial  Plerut. 

VC.  VIC,  VIIC,  VIIIC.  ID,  IID,  mo,  Fifth,  lixth.  leventh,  ud  eightli « 

and  finit,  avcond,  and  third  donal  nttrtt- 
CB,  CommanicaliDg  bnnc\^  tram  ^.Vve  l(iMX\.\i  (»xx\)»!k  "btxxt. 
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P,  Fhrenio  nerve. 

c,  c,  Donal  cataneoni  bnnohei  from  the  fif  tb  cervical  to  the  third  dorsal  nerve. 

M,  M,  Braaohes  to  the  moaclee  of  the  neclc  and  back. 

B,  Branch  to  the  icaleDtu  medini. 

S',  Branch  to  the  aubclavius  mnide. 

I.  r,  Branehea  to  Rhomboideas  major  and  RhomlxndenB  minor. 

8S,  Snpra  wapnlar  nervei :  — 

2,  Branch  to  supra  sjiinatns  muscle. 
2*,        „         infim  spinatna  muscle. 
9,       „         shoulder  joint. 
PT,  Posterior  or  long  thoracic  (external  respiratory  of  Boll)  supplies  serratus 

magnns. 
£AT,  External  anterior  thoracic  supplies  pectondis  major. 
lAT,  Internal  anterior  thorado  to  pectoialis  major  and  pectoralis  minor. 
It,  First  intercostal  nerve. 
21,  Second  intercostal  nerve. 

IB,  Intercosto-hameral  joins  ner\-e  of  Wiiaberg. 
AC,  Anterior  cntaneoos  nerves  of  the  thorax. 
31,  Third  intercostal  nerve. 
LC,  Lateral  cutaneous : — 
a.  Anterior  branch. 
p,  Posterior  branch. 
OC,  Outer  cord  of  brachial  plexus. 
PC,  Posterior  cord  „ 

IC,  Inner  cord. 

MC,  Ma8cula.cntaneons  nerve.  _ 
4,  Branches  to  coraoo-brachialis. 
6,  „         biceps. 

Sr,  ,_,         bracbialis  anticus. 

6,  Anterior  cutaneous  branch   1  ,„  „_i-,  .!  j.  .»  f«-».__ 
6',  Posterior  cutaneous  branch  }  *°  o"'"  "^»  "^  '°""^ 
IC,  Internal  cutaneous  nerve. 

E,  Anterior  or  external  branch. 

I,  Posterior  or  internal  branch  to  inner  side  of  forearm. 
SIC,  Small  cntaneoos  nerve  (nerve  of  Wrisberg  to  inner  side  of  arm. 
SSS,  Subscapular  nerves : — 

21,  Long  subscapular  nerve  to  latissimus  dorsi. 
21',  Muscular  branches  to  subscapularis  and  teres  major. 
21",       „  „  subscapularis. 

',  Cireumfiex  Nerve. 

*S,  Branch  to  shonlder  joint. 
(,  Superior  division. 
7,  Cutaneous. 
7 ,  Muscular  to  deltoid, 
t.  Inferior  division. 
T.  Cutaneous. 
7  ,  Muscular  to  teres  minor. 

IS,  UuMuto-tpirtU  Nerve. 

8,  Muscular  to  bracbialis  anticus. 

8',  „         triceps. 

8",         „         anconeus. 

8"',         „         supinator  longus. 

8"',        „         supinator  brevis. 

8  X ,        „        extensor  carpi  radialis  longer. 

id).  Internal  cutaneous  branch  to  inner  side  of  arm. 

uee.  Upper  external  cutaneous  branch  to  outer  side  of  arm. 

tee.  Lower  external  cutaneous  branch  to  outer  side  and  back  of  forearm. 

R,  Badial  nerve  cutaneous  to  dorsal  surface  of  thumb  and  two  outer  fingers. 

PI,  Posterior  Interoeseous. 

9,  Muscular  branch  to  extensor  carpi  radialis  brevier. 

oasis  metacarpi  pollicis. 

primi  intetnodii  pollicia  _ 

secundii  intemodii  pollicis. 

indids. 

carpi  ulnaris, 

J  di^torum  communis  and  extensor 
(.minimi  digiti. 


icr. 

»               » 

W", 

t               t> 

vjjj  Branch 

to  wrisfe  joint. 
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the  phrenic  nerve  may  also  be  caused  by  wounds  or  tli 
presence  of  tumours  in  the  neck,  and  under  these  circun 
stances  the  paralysis  is  apt  to  be  unilateral. 

The  symptoms  of  diaphragmatic  paralysis  are  highly  cha 
teristic.  During  inspiration  the  epigastrium  and  hypochondna 
are  drawn  inwards  instead  of  being  curved  outwards,  and  if 
the  hand  be  placed  on  the  epigastrium  during  inspiration,  thsH 
pressure  of  the  descending  diaphragm  cannot  be  perceive<i9 
while,  on  the  other  hand,  the  epigastrium  projects  on  expiration. 
When  the  paralysis  is  unilateral,  these  symptoms  occur  only  on 
one  .side,  but  they  may  be  distinctly  detected  by  palpation. 

During   rest   the    frequency   of    inspiration    is    not    much 
increased,  but  if  the  slightest  exertion  is  made  dyspnoea  is  i 
once  experienced,  and  the  frequeucy  of  respiration  rises  to 
or  50  in  a  minute.     The  patient  is  in  great  danger,  and  if  aa 


M,  Mtdinn  Ifrrre. 

11,  Muscular  bnkncbes -to  pronator  radii  tere*. 
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intercurrent  attack  of  bronchitis  or  pneumonia  supervene,  the 
danger  is  greatly  increased,  inasmuch  .13  the  power  of  inspiration 
ia  diminished.  The  compressive  action  of  the  abdominal  muscles 
is  materially  interfered  with  in  diaphragmatic  paralysis,  inasmuch 
as  no  counter  pressure  is  obtainable,  hence  considerable  difficulty 
in  defecation  is  experienced. 

The  diagnosis  of  diaphragmatic  paralysis  presents  no  special' 
difficulty.  The  prognosis  depends  upon  the  cause.  It  is  favour- 
able in  rheumatic  and  hysterical  paralysis ;  it  is  doubtful  in  lead 
paralysis,  and  very  unfavourable  in  progressive  muscular  atrophy, 
although  even  in  the  latter  case  considerable  improvement  may 
be  produced  by  appropriate  treatment 

Treatment. — The  treatment  must  first  be  directed  to  remove 
the  cause.  Recourse  should  be  had  at  an  early  period  to 
faradisation  or  galvanisation  of  the  phrenics,  whicii  can  be  easily 
applied  in  the  neck  over  the  scaleni.  Irritation  is  best  effected 
by  placing  one  pole  upon  the  neck  whilst  the  other  is  placed  in 
the  vicinity  of  the  attachments  of  the  diaphragm  to  the  ribs, 
or,  in  some  instances,  to  the  back  of  the  neck,  and  the  current 
should  be  tolerably  strong. 

§  290.  Cervico-Brachial  Neuralgitu 

General  Characters  of  the  Disease. — This  group  includes  all 
the  neuralgias  which  occur  in  nerves  originating  from  the 
brachial  plexus,  or  from  the  posterior  branches  of  the  four  lower 
cervical  nerves.  The  pain  is  seldom  limited  to  one  branch  of 
the  nerve,  the  disease,  as  a  rule,  involving  several.  The 
pain  may  be  seated  in  the  upper  arm  or  forearm,  or  it  may 
extend  into  the  hands  and  fiugera.  Owing  to  the  intimate 
interweaving  of  the  various  nerve  trunks  in  the  bracliial  plexus, 
it  is  not  easy  to  determine  what  branches  of  the  plexus,  or 
what  special  nerve  roots,  are  implicated.  It  is  only  when  the 
neuralgia  affects  some  part  near  the  periphery  that  the  pain 
is  limited  to  any  particular  branch  of  the  plexus. 

Etiology. — The  predisposing  causes  of  cervico-brachial  are  the 
same  as  those  of  cervico-occipital  neuralgia;  but  hysteria  and 
ana?mia  appear  to  be  specially  frequent  causes  of  this  form  of 
neuralgia,  hence  females  are  moro  frequently  affected  by  it  than 
males. 
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The  most  important  of  the  exciting  causes  of  the  dii 
are  the  injuries  of  all  kinds  to  which  the  upper  extremities  are 
so  peculiarly  exposed.  Exposure  to  cold  and  over-exertion  are 
also  frequent  exciting  causes  of  the  disease.  Mr.  James  Salter 
has  shown  that  ccrvico- brachial  neuralgia  may  occasionally 
originate  from  reflex  irritation  set  up  by  carious  teeth.  Lead 
poisoning  and  malaria  produce  this  form  of  neuralgia,  and  it 
may  be  a  symptom  of  central  disease,  as  tabes,  hemiplegia,  aat 
progressive  muscular  atrophy. 

SymploTHs. — The  pain  of  cervico-brachial  neuralgia  is  of 
a  constant,  dull,  boring,  burning  character,  and  is  very  severe. 
Lancinating  pains  are  also  experienced,  which  shoot  through 
the  arm;  sometimes  in  the  ascending,  sometimes  in  the  de- 
scendiug  direction,  and  generally  following  the  course  of  the 
principal  nerve  trunks.  The  violent  burning  described  by 
Weir  Mitchell,  under  the  name  of  "  Causalgia,"  is  often  present 
in  the  neuralgias  which  are  caused  by  gunshot  injuries  of  the 
nerves.  The  pain  often  occurs  in  nocturtuil  paroxysms,  which 
last  through  the  night,  and  may  almost  disappear  during  the 
day.  A  paroxysm  may  be  revived  or  aggravated  by  movemenfai 
of  the  muscles  of  the  arm,  such  as  those  involved  in  playing 
the  piano,  sewing,  or  other  manual  exertions. 


H 
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Painful  PoiiUt. — Owing  to  the  numerous  peripheral  anaatomosee  of  the 
branches  of  the  nerves,  the  painful  poiuta  are  Homewhat  iudefiaite.  Tb« 
following  have  been  diatiuguished  by  Volleix,  and  coutirmed  by  Dr.  Anstie: 
1,  An  ancillary  point,  corresponding  to  the  brachial  plexus  itself;  S,  a 
leapular  point,  corresponding  to  the  lower  angle  of  the  scapula,  which 
is  difficult  to  explain  ;  3,  a  ihoulder  point,  which  corresponds  to  the  emer- 
gence, through  the  deltoid  muscle,  of  the  cutaneous  branches  of  the  circum- 
flex ;  4,  a  median-cephalic  point,  at  the  bend  of  the  elbow,  where  a  branch 
of  the  musculo-cutaneous  nerve  lie*  immediately  behind  the  median- 
cephalic  vein  ;  5,  an  external  humeral  point,  about  throe  inches  above  the 
elbow,  corresponding  to  the  emergence  of  the  cutaneous  brauchea  which 
the  musculo-spiral  gives  off  as  it  lies  in  the  groove  of  the  humerus  ;  6,  a 
«upmor  ulnar  point,  corresponding  to  the  course  of  the  ulnar  nerra 
between  the  olecranon  and  the  epitrochlea ;  7,  an  inferior  ulnar  point, 
where  the  ulnar  nerve  passes  in  front  of  the  annular  ligament  of  the 
wrist ;  8,  a  radial  point,  marking  the  place  where  the  radial  nerve  beoomM 
superlicial  at  the  lower  and  external  aspect  of  the  forearm.  Painful  poiuta 
may  occasionally  be  develo^ted  by  the  aide  of  the  lower  cervical  vertefane, 
corres|)ouding  to  the  posterior  branches  of  the  lower  cervical  nerves. 
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Concomitant  symptoms  are  almost  always  present  in  every 
case  of  cervico-brachial  neuralgia.  In  some  cases  a  certain 
amount  of  anaesthesia  is  present,  associated  with  numbness  and 


Fio.  02. 


Fio.  02  (liter  Flower).  Cutaneoiu  Nent*  of  the  Trunk,  Ujfper  SxtrtmUg. 

Ha.  Sapra  clavicular  nerve. 

IID,  Second  doiaaL 

¥S,  Posterior  branches  of  the  spinal  nerves. 

LI,  Lateral  branches  of  the  intercostal  nerves. 

AI,  Anterior  branches  of  the  intercostal  nerves. 

IL  Iliac  branch  of  ilio-ingninal  nerve. 

I'H',  Ilio  hypogastric  nerve. 

C,  Circamflex  nerve. 

IH,  Intercosto  humeral. 

W,  Nerve  of  Wrisberg. 

rCB,  Internal  cntaneous  branch  of  moscnlo^piral  nerve. 

ECB,  External  cutaneous  branch  of  mosculo-ipiral  nerve. 

ICB,  Internal  cutaneous  nerve. 

MU,  Musculo  cntaneous. 

R,  Radial  nerve. 

U,  Ulnar  nerve. 

M,  Median  nerve. 
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formication,  while  in  other  cases  hypera?stbesia  exists  i 
afiFected  region  of  the  skin  to  such  an  extent  as  to  rendfr 
contact  with  the  bed-clotbcs  unendurable.  Radiating  pains  iire 
felt  in  the  region  of  distribution  of  the  cervical  plexus  and  oi 
the  upper  doi-sal  and  iptercostal  nerves.  M 

The  motor  power  of  the  affected  extremity  is  impaired  in  ^ 
almost  all  cases.  The  movements  of  the  arm  are  reodernJ  , 
difficult  and  painful,  the  arm  and  fingers  are  stiff,  and  twitcbingtA 
and  fibrillary  contractions  are  not  uncommon,  and  occasiondly  TJ 
there  may  bo  persistent  spasmodic  contractions,  or  paresis,  or 
even  paralysis  of  particular  muscles,  or  groups  of  muBcle& 

Tke  vaso-motor  and  trophic  disturbances  may  become  mani- 
fest in  some  cases  in  the  form  of  coldness  and  pallor,  while 
in  other  cases  the  reverse  conditions,  heat  and  redness,  obtoia 
A  plentiful  crop  of  Herpes  is  not  an  uncommon  symptom,  and 
the  more  severe  trophic  disturbances  declare  themselves  in  the 
various  forms  of  pemphigus,  obstinate  ulcers,  glossy  skin,  md 
changes  in  the  growth  of  the  nails  and  the  like.  The  latter 
changes  are  induced  by  severe  injuries  to  nerves,  and  they  are 
always  accompanied  by  serious  motor  and  sensory  paralysii. 
In  cervico-brachial  neuralgia  the  state  of  the  heart  and  large 
vessels  ought  to  be  carefully  ascertained. 

Diagnosis. — Cervico-brachial  neuralgia  may  be  mistaken  for 
many  kinds  of  painful  affections,  as  muscular  and  articular  rheu- 
matism, diseases  of  bone,  &c.,and  this  mistake  can  only  be  avoid* 
by  a  careful  examination  into  all  the  circumstances  of  the  c 

Treatment. — The  treatment  ought  first  to  be  directed  to  tbi 
removal  of  the  cause  of  the  disease ;  and,  considering  bow  fire 
quently  this  form  of  neuralgia  is  caused  by  external  injuries  and 
local  growLhs,  great  scope  is  afforded  for  surgical  interference. 

Electricity  is  the  most  useful  agent  for  the  treatment  of  the 
neuralgia  as  a  symptom.  The  constant  current  is  moat  generally 
useful,  although  the  faradic  current  sometimes  succeeds  when 
the  other  fails. 

Narcotics  are  both  useful  and  necessary  in  the  treatment 
severe  cases.    Subcutaneous  injection  of  morphia  is  the  most 
generally  useful ;  but  sometimes  great  benefit  is  obtained  from 
the  use  of  belladonna  or  atropine.     External  applications  sro 
also  useful     The  most  generally  employed  are  liniments  of 
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chloroform,  and  ointments  containing  opium,  and  especially 
veratria.    The  various  forms  of  counter-irritation  may  be  sorae- 

I  times  employed,  and  Weir  Mitchell  recommends  repeated 
vesication  in  the  treatment  of  "  causalgia."  For  internal  treat- 
ment, quinine,  iron,  and  arsenic  are  the  remedies  to  be  mainly 

}  relied  upon.  Cold  or  hot  water  treatment,  in  the  form  of  baths, 
shampooing,  and  fomentations,  may  be  employed  according  as 
the  one  or  other  is  found  to  afford  the  greatest  amount  of  relief 
Neurectomy  of  mixed  nerves  should  only  be  resorted  to 
under  pressing  necessity,  and  only  when  distinct  evidence  has 
been  obtained  of  the  existence  of  a  peripheral  cause  for  the 
neuralgia.  And  what  is  true  of  neurectomy  in  this  respect  is 
applicable  to  a  still  greater  extent  with  regard  to  amputation 
or  resection  as  a  means  of  obtaining  relief. 


§  291.  Spasm  of  Special  Mu-scles  and  Groups  of  Muscles 
of  the  Neck  and  Trunk. 
(1)  Spasm  of  the  Rhomhoidei  manifests  itself  by  the  peculiar 


I  pcsition  of  the  scapula.  The 
lower  angle  is  raised  so  that 
the  inner  border  assumes  an 
oblique  position  from  above 
downwards,  and  from  without 
inwards ;  whilst  it  is  at  the 
same  time  approximated  to 
the  vertebral  column.  The 
muscle  can  be  felt  as  a  firm 
swelling  between  the  spinal 
column  and  scapula.  This 
affection  is  distinguished  from 
paralysis  of  the  serratus  mag- 
H  nus  by  the  fact  that  the  in- 
ternal border  of  the  scapula 
is  not  lifted  away  from  the 
chest,  and  the  shoulder  is  not 
depressed.  A  distinct  resist- 
ance  is  experienced  when 
Bian  attempt  is  made  to  raise 
^■th''  a  vertical  position, 

u 


Fio.  63. 


Fio . 63  I Ducbenne).  Omtraetion of  Rhom- 
boUt  JtfiitcIrM,— X,  Levator  scapuliB; 
B,  Retracted  rhomlmid ;  C,  Fibres  of 
■errattu  magnna ;  P,  Abnormal  |M>ai- 
tion  of  the  inferior  anitle  of  the  scapala  ; 
K,  Inferior  angle  Quux«\xet!tX^xi  wAft. 
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on  account  of  the  antagonism  of  the  rhomboid.  Toui 
spasm  or  contracture  of  this  muscle  has  hitherto  alone  beeo 
observed. 

(2)  Spasm  of  the  Levator  Anguli  Scapulae. — The  scapuU 
is  strongly  elevated  in  this  affection,  especially  its  upper  aod 
inner  angle;  the  head  is  slightly  inclined  to  the  same  side;  the 
shoulder  is  drawn  somewhat  forwards;  the  supra-clavicular  fosa 
is  increased  in  depth,  and  the  muscle  it  contains  projecta  dis- 
tinctly beneath  the  anterior  border  of  the  trapezius,  which  can 
easily  be  isolated  from  it  by  faradisation.  It  frequently  oocun 
in  the  form  of  a  tonic  contracture  in  combination  with  spua 
of  the  rhomboidei  or  of  the  trapezius. 

(3)  Spasm  oftlie  serratus  m/ignue,  of  the  hitisaimus 
of  the  teretee,  of  the  supra  atui  infraspi/naii,  of  t/ie 
acapularis,  and  of  the  pectoraUs  major  may  generally  be 
readily  recognised  by  the  characteristic  positions  and  movementt 
of  the  scapula  and  arm  (elevation,  depression,  rotation,  adduc- 
tion, and  abduction)  in  combination  with  distinct  hardness  and 
fulness  in  the  regions  of  the  several  muscles  affected.  Spasm* 
of  these  muscles  are  rare. 


§  292.  Spasm,  of  tlie  Muscles  ofOie  Upper  Extremity. 


I  DOT 

and^ 
amfl 
iksecV 
inor  " 


(1)  Spasm,  of  the  Muscles  supplied  by  the  Circumflex  Ni 
The   circumflex  nerve   supplies  the  deltoid   and  teres    minor 
muscles,  and  gives  branches  to  the  skin  of  the  upper  arm  and 
shoulder  joint.     In  the  tonic  form  of  this  affection  the 
is  held  out  from  the  body,  and  is  directed  backwards  iu  case* 
where  the  posterior  fibres  of  the  ileltoid  and  the  teres  minor 
are  affected.     The  lower  angle  of  the  scapula  is  pressed  back- 
wards towards  the  vertebral  column,  as  in  paralysis  of  th 
serratus  magnus.    In  cases  of  clonic  spasm  of  the  deltoid,  tbi 
arm  is   thrown  upwards   and  moved  convulsively  in  vorioi 
directions;  and  other  muscles  are  usually  implicated. 

(2)  Spas^n  of  the  Muscles  supplied  by  tlie  Musculo-CtUan 
Nerve. — The  muscles  supplied  by  the  musculo-cutaneous  nei 
are  the  coraco-brachialis,  the  biceps,  and  the  brachialis  anticus; 
but  the  last  receives  additional  branches  from  the  muscul 
spiral  nerve.     The  musculo-cutaneous  nerve  passes  through  tbi 
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coraco-bracbialis  muscle,  and  is  then  found  in  the  interval 
between  that  muscle  and  the  biceps,  or  further  outwards  between 
the  two  heads  of  the  biceps.  Spasm  of  the  muscles  supplied  by 
this  nerve  causes  strong  flexion  of  the  forearm. 

(3)  Spasm  of  the  Muecles  supplied  by  the  MuMvlo-Spiral 
Nerve. — The  musculo-spiral  nerve  supplies  the  triceps,  anconeus, 
a  small  part  of  the  brachialis  anticua,  and  all  the  extensor  and 
supinator  muscles  of  the  forearm.  When  the  muscles  supplied 
by  the  musculo-spiral  nerve  pj^.  g^ 
are  in  a  state  of  spasm,  the 
forearm  is  supinated,  the 
band  and  thumb  completely 
extended,  while  there  is  also 
extension  of  the  first  pha- 
langes of  the  fingers. 

(4)  Spaam  oftlie  Muscles 
supplied    by    the    Median 

erve. — The  median  nerve 
pplies  the  pronators,  the 
Axat  carpi  radialis,  the 
exor  digitorum  sublimis, 
he  radial  half  of  the  flexor 
Tofundus  digitorum.  the 
flexor  longus  pollicis,  two 
outer  lumbricales,  and  the 
small  muscles  of  the  ball  of 
be  thumb,  with  the  excep- 
tion of  the  adductor  and 
the  ulnar  head  of  the  flexor 
revis  pollicis.  When  the 
muscles  supplied  by  the 
median  nerve  are  in  a  state 
^p>f  spasm  the  forearm  is 
^ntrongly  pronated,  the  hand 
^ps  bent  towards  the  radial 
H^ide,  and  the  fingers  flexed 
with     opposition     of     the 


Fia.  M    Afuicia  of  the  Hand  (from  WilaoD). 
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Annular  li^Mnent. 

2,  Origin  wid  inwrtion  of  the  abductor 
<pallicui  muscle. 

OpponroB  pollicu. 

ijupcrflcial  portion  of  the  flexor  brevia 
pollidii. 

Deep  portion  «( the  flexor  brevia pollicLa. 

Adductor  pollictg. 

7,  The  lumbricali!*  muscles,  arisini;  from 
the  deep  flexor  tendons,  upon  which 
the  figures  »re  placed.  The  temlnna 
of  the  flexor  gublimis  have  been  re- 
moved. 

Insertion  of  one  of  the  tendons  of  the 
deep  flexor. 

The  tendon  of  the  Sexor  loc^us  pollicis, 
passing  between  the  two  (joniona  uf 
the  flexor  brevia  to  the  last  phalanx. 

Abductor  minimi  di^iti. 

Flexor  brevia  minimi  digiti. 

Pisiform  bone 

First  dorsal  interosMoui  musole,  the 
abductor  indicis. 
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Spasm  of  the  muscles  of  the  hand  supplied  by  the  media 
produces  opposition  of  the  thumb,  with  approximation  and  sligk 
flexion  of  the  first  phalanges  of  the  index  and  middle  fingers. 

(5)  Spasm  of  ilie  Muscles  supplied  by  the  Ulnar  JV'ert*- 
The  ulnar  nerve  innervates  the  flexor  carpi  ulnaris,  the  ul 
half  of  the  flexor  profundus  digitorum,  all  the  muscles  of 

Fio.  e . 


Via.  fii>.  Athtchmtnt  of  an  Inttrotitotu  Mutdt  (from  Dachrnne), 
a,  IntemMenua  innanle. 
6,  Attacbnient  lu  hwc  nf  first  phalaox. 
c,   Slip  pasaiiig  furwuril  tn  ul)  w.le  of  extcaior  teodon. 
r,    Central  portion  o(  extensor  tendon. 

hypothenar  eminence,  together  with  the  palmaria  breris, 
the  interossei,  the  two  ulnar  lumbricales,  the  adductor  polHcu 
and  the  inner  head  of  the  flexor  brevis  pollicis.     The  action 
of  the  interossei  in  the  movements  of  the  fingers  have 
carefully  investigated  by  Ducheiine,  and  are  so  important  at 
to  deserve  special  mention.     The  three  palmar  interossei 
arranged  as  adductors  to  and  the  four  dorsal  as  abductors  of  tl 

FiQ.  66. 


Fio.  60.  Iiutrtion  of  Miuela  of  Thumb  (from  DucheaDe). 
o,  AbJuctor  piillioi*. 
fc.  HpjMinenn  pollicifl. 
c.  Outer  hcou  of  tiexnr  brevis. 
rf,  Tendon  uf  extensor  «ecundi  intemndii. 
(,  Tendiaoiu  rxpuiaiou  of  flexor  brevii  joining  tendon  of  wrtaiuor. 
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fingers  from  an  imSginary  line  drawn  through  the  long  or 
middle  finger.  The  insertion  of  the  interossei  into  the  base  of 
the  first  phalanx  enables  them  to  act  as  flexors  at  the  metacarpo- 
phalangeal joint,  whilst  giving  lateral  movements  to  the  fingers 
to  which  they  are  attached.  The  slip  {Fig.  65,  d)  sent  forward  to 
join  the  extensor  tendons  extends  the  second  and  third  phalanges. 
The  interossei,  therefore,  produce  flexion  at  the  first  and  exten- 
sion of  the  second  and  third  phalanges,  and  also  assist  both  to 
adduct  and  abduct  the  fingers  in  relation  to  the  middle  line  of 
the  band.  The  lumbricales  act  with  the  interossei  as  flexors  of 
the  first,  and  extensors  of  the  second  and  third  phalanges.  The 
small  muscles  of  the  thumb  act  in  a  similar  manner.  The  two 
heads  of  the  flexor  brevis  poUicis  are  inserted  into  the  sides  of 
the  base  of  the  first  phalanx  of  the  thumb,  sending  slips  forward 
to  join  the  tendons  of  the  extensor  secundi  interodii  pollicis  on 
the  back  of  the  first  phalanx  {Fig.  66,  e).  This  arrangement 
enables  the  small  muscles  of  the  thumb  to  exteud  the  second 
phalanx,  whilst  acting  on  the  first  in  the  direction  implied  by 
their  several  names.  In  spasm  of  the  muscles  supplied  by  the 
ulnar  nerve  the  hand  is  rendered  con-  Fio.  67. 

cave,  the  thumb  adducted,  the  little 
finger  strongly  flexed  and  opposed,  and 
the  remaining  fingers  moderately  flexed 
at  the  metacarpo-phaiangeal,  and  ex- 
tended at  the  phalangeal  articulations. 
The  position  assumed  by  the  hand  in  y, 
spasm  of  the  interossei  is  represented  in 
Fig.  67. 

(6)  Spasms  of  the  muscles  of  the  arms  occur  iu  various 
modes  and  combinations.  If  the  electrode  of  a  faradic  current 
be  placed  at  the  external  edge  of  the  sterno-mastoid  muscle 
on  a  level  with  the  transverse  process  of  the  sixth  cervical 
vertebra,  the  deltoid,  biceps,  coraco-brachialis,  the  long  and 
short  supinator  muscles  will  enter  into  contraction.  These 
muscles  are  supplied  by  the  musculo-cutaneous,  circumflex, 
and  rausculo-spiral  nerves ;  but  it  is  probable  that  the  fibres 
■which  supply  the  muscles  are  all  found  in  the  cord  formed  by 
the  fifth  and  sixth  cervical  nerves,  as  it  lies  between  the 
scalenus  medius  and  posticus  muscles.     This  is  an  important 


(J?  (after  Gnwen).  Pott- 
tiOH  uf  Ou  Hand  in 
Spnm  I'}  Ute  Intent- 
Koui  MuKlu. 


^H      m.^«icijua    I 
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point,  inasmuch  as  com'bined  paralysis   of  these  musclea  i« 
not  unfrequently  observed.     There  are  other  cases   in  whicL 
more  or  less  spasmodic  irritation  has  been  observed  to  .-> ' 
the  greater  number  of  the  muscles  of  the  upper  extrei;    _ 
as  in  the  case  of  "ascending  contracture"  described  bjDucbeDoe, 
which  often  spreads  over  the  greater  part  of  the  upper  extremi- 
ties in  consequence  of  irritation  of  the  joints.     Alcoholic  tremor 
aud  that  of  paralysis  agitans  are  sometimes  limited  to  the  upper 
extremities.     Unilateral  epilepsy  is  not  unfrequently  ushered  in 
by  a  convulsive  aura  of  one  arm.    The  spasmodic  movemeoti 
which  have  been  described  under  the  names  of  athetoeis  and 
post  hemiplegic  chorea,  and  which  are  usually  limited  to  the 
hand   and    forearm,    will    be    subsequently   described.      Weir 
Mitchell  has  described  spasmodic  movements  in   stumps  left 
after  amputation  of  the  arm  ;  they  caused  constant  movement 
of  the  stump,  and  were  regarded  by  him  as  of  reflex  origin. 

The  causes  of  spasm  of  the  muscles  of  the  arm  may  be  peri- 
pheral or  central,  and  it  may  be  due  to  rheumatism  or  to  some 
kind  of  reflex  action ;  and  in  some  cases  spasms  occur  in  the 
absence  of  any  recognisable  cause.  The  diagnosis  and  prognosii 
must  be  based  on  general  principles  and  on  a  thorough  exami- 
nation of  the  patient,  and  upon  the  seat,  causes,  and  duration 
of  the  disease. 

Treatvient. — The  treatment  of  spasm  of  these  muscles  is  the 
same  as  for  spasms  of  muscles  in  general  Duchenae  recom> 
mends  in  cases  of  contracture  faradisation  of  the  antagonii 
muscles,  and  cutaneous  faradisation  in  rheumatic  cases  of  i 
origin. 


§  293.  Writers'  Cramp  —  Graphatpaamua  —  MogigrapKi 
(Pianists'Cramp,  Tailors'  I'ramp,  Milkers'  Cramp,  &a). — Writen' 
cramp  is  only  one  of  a  large  group  of  afiFections  which  have  been 
called  professional  hyperkineses.     This  name  has  been  given 
to  these  affections  because  the  spasmodic  movements  alwayt 
affect  muscles  engaged   in   delicate  associated   and  acqui 
actions,  such  as  those  engaged  in  writing,  pianoforte  playin, 
sewing,  &c. 

Benedict  describes  three  varieties  of  writers'  ci^mp,  name]/, 
the  spastic,  the  tremulous,  and  the  paralytic  form. 
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Symptoms. — The  disturbances  of  movement  are  at  first 
slight,  and  may  only  amount  to  a  sensation  of  great  weariness 
when  the  act  of  writing  is  long  continued.  After  a  time  the 
symptoms  become  more  marked,  and  make  their  appearance 
soon  after  the  patient  begins  to  write,  or  even  immediately  the 
pen  is  taken  in  the  band. 

(1)  In  the  spastic  form  of  the  disease,  tonic  or  clonic  spasms 
of  one  or  of  several  of  the  muscles  occur.  These  spasms  are  at 
first  limited  to  particular  fingers,  causing  an  irregular  stroke  in 
the  writing.  The  patient  cannot  write  while  holding  his  pen 
in  the  usual  position,  but  he  can  do  so  tolerably  well  by  holding 
it  in  a  new  and  more  or  less  grotesque  manner  (Poore).  After 
a  time  the  spasms  become  stronger,  and  are  generally  tonic  in 
character,  atfecting  usually  the  tliunib  and  first  finger.  The 
thumb  and  first  finger  may  be  suddenly  extended,  causing  the 
pen  to  drop;  or  there  is  spasmodic  action  of  the  opponens  pollicia, 
with  abduction  and  flexion  of  the  index  finger,  so  that  the 
pen  is  rapidly  moved  away  from  the  paper.  At  other  times 
there  is  a  spasmodic  flexion  of  the  firet  three  fingers,  so  that 
they  are  pressed  tightly  against  the  pen,  which  cannot  then  be 
moved  further  onwards ;  or  there  may  be  movements  of  prona- 
tion and  supination  in  the  forearm,  so  that  the  pen  is  raised 
from  the  paper,  and  moved  backwards  and  forwards  in  the 
most  irregular  manner.  The  faradic  contractility  of  the  affected 
muscles  is  sometimes  increased,  and  at  other  times  diminished, 
the  former  probably  indicating  an  early,  and  the  latter  a  late 
stage  of  the  affection  (Poore). 

(2)  In  the  trem,ulou8  form  of  the  disease,  the  hand  and  fore- 
arm, or  even  tlie  whole  arm,  become  the  subjects  of  well-marked 
tremors  on  any  attempt  at  writing  being  made,  so  that  the  pea 
only  makes  undulating  or  angular  strokes,  and  the  writing  be- 
comes completely  illegible. 

The  patient  adopts  many  expedients  to  prevent  the  occurrence 
or  to  counteract  the  effects  of  the  spasms ;  but,  in  spite  of  all,  the 
handwriting,  when  writing  is  possible,  becomes  completely  altered 
in  character.  The  strokes  are  coarse,  imperfect,  and  unequal,  and 
numerous  irregularities  and  false  strokes  are  to  be  observed  ; 
and  in  the  highest  degrees  of  the  affection  the  writing  becomes 
a  mass  of  undulating  and  zigzag  strokes,  and  wholly  illegible. 

E  £ 
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(3)  The  paralytic  form  offers  a  great  contrast  to  the  spastic 
and  tremulous  forms.  In  this  form  great  fatigue  and  weakm 
of  the  band  and  forearm  are  experienced  when  the  patii 
attempts  to  write.  As  soon  as  the  pen  is  laid  down  the  feelii 
of  weakness  and  exhaustion  disappears,  to  reappear  as  soon 
it  is  taken  up  again.  It  is  generally  confined  to  the  flexon; 
to  the  extensors  muscles. 

Those  who  suffer  from  writers*  cramp  also  suffer  from  impiur 
ment  of  the  movements  re'iuisite  for  sewing,  pianoforte  plajio&M 
embroidery,  buttoning-up  the  clothes,  and  ail  actions  requiring V 
delicate  manipulation;  and,  if  the  patient  has  learned  to  write 
with   his  left  hand,  the  spasm  frequently,  to  his  great  dis- 
appointment, extends  to  this  also. 

The  most  common  sensory  disturbance  is  the  painful  feeliDj 
of  fatigue  in  the  affected  extremity,  which  may  rise  to  a  high 
degree  of  intensity  and  assume  a  neuralgic  character.  TTie 
pain  frequently  extends  to  the  shoulder  and  back,  and  some  of 
the  spinous  processes  of  the  cervical  and  dorsal  vertebra;  are  not 
unfrequently  sensitive  to  pressure.  Formication  aud  aumbnen 
are  frequently  complained  of.  True  anaesthesia  is  rardj 
present,  and  the  same  may  be  said  of  hyperesthesia,  aad  it' 
is  only  very  occasionally  that  the  presence  of  pressure  pointi 
has  been  ascertained  ;  and  in  these  cases  it  is  probable 
neuritis  has  been  present 

Other  spasmodic  disturbances  are  not  unfrequently  associi 
with  writers'  cramp  Amongst  the  most  frequent  of  them  may 
be  mentioned  strabismus,  stammering,  spasm  of  the  face,  throat, 
and  other  parts  of  the  body ;  weakness  of  the  lower  extre* 
mities  with  tremors  occasionally  occur,  and  as  a  rule  there  i« 
great  mental  irritability  and  depression.  The  reaction  of  tfaofl 
affected  muscles  to  electricity  is  normal,  or  only  subject  to  a 
slight  deviation,  in  the  way  of  an  excess  or  diminution  of  the 
electric  contractility. 

A  few  of  the  other  professional  hyperkineses  may  be  briefl' 
mentioned. 


PianoforttPlayerd Spatm  is  not  of  uacomiioa  occarronce  in  profei 
players,  esi>ecially  womon.      It  |>rL>acDts  the  same  featurea  as  writ 
MpMm,  and  requires  uo  separate  descriptioo. 

Violin  Playert'  Spatm  sometimes  occurs  in  the  left,  sometimea  in  ttia 
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right  hand,  either  in  the  form  of  painful  exhaustion  and  stiffueM,  or  aa 
convubire  spasm  of  some  of  the  muscles  of  the  head,  arm,  or  shoulder. 
It  renders  playing  impossible. 

Tailori  and  Shoemakers'  Spatnu  are  somewhat  analagous,  and  as  soon 
as  the  patient  begins  to  work,  tonic  or  clonic  spasms  or  functional 
debiUty  of  the  muscles  of  the  hand  and  arm  are  experienced . 

The  number  of  these  formi  of  spasms  might  be  largely  increased. 
Indeed  they  may  occur  in  any  avocation  re<}ttiriDg  the  constant  associated 
action  of  certain  groups  of  muwles.  Such  spasmodic  muscular  movements 
have  already  been  observed  in  smiths,  milkers,  painters,  makers  of  art!  Bcial 
flowers,  harp-players,  watchmakers,  and  turners. 

The  Course  of  all  these  diseases  is  almost  always  the  same.  They 
begin  very  gradually,  atid  after  a  time  increase  more  rapidly,  and  it  is 
only  in  rare  instances  that  they  are  observed  to  begin  almost  suddenly — 
after  some  powerful  exciting  cause,  as  over-exertion. 

The  duration  of  the  disease  is  generally  very  protracted, 
often  lasting  through  life.  Its  progress  may  often  be  arrested, 
but  complete  recovery  is  rare. 

Etiology. — Writers'  spasm  is  met  with  most  frequently  in 
men.  The  reason  of  the  comparative  immunity  of  women  is 
probably  that  they  are  not  so  often  called  upon  to  over-exert 
themselves  in  writing  as  men.  Pianoforte  players'  spasm,  on 
the  other  hand,  occurs  more  frequently  in  women.  Writers' 
cramp  is  often  inherited,  or  several  members  of  a  family  may 
become  affected  by  it.  The  main  cause  of  the  disease  is  exces- 
sive writing,  hence  it  is  most  frequently  observed  in  writers, 
secretaries,  clerks,  and  merchants. 

The  spasm  may  occasionally  be  caused  by  exposure  to  cold, 
injuries  to  nerves  or  mu-scles,  foreign  bodies  in  the  fingers,  or 
from  reflex  action  consequent  on  periostitis  of  the  external 
condyle  of  the  humerus.  The  spasms  may  sometimes  be 
caused  by  centric  disease  or  neuritis  of  one  or  other  of  the 
nerve  trunks  of  the  forearm ;  but  such  cases  do  not  strictly 
belong  to  true  writers'  spasm. 

The  pathology  of  writers'  cramp  is  somewhat  obscure,  since 
pathological  anatomy  has  not  hitherto  thrown  any  light  upon 
the  question.  Some  writers  believe  that  there  is  debility  or 
paralysis  of  certain  muscles  and  secondary  spasm  of  their 
antagonists;  but  this  suppostion  will  not  account  for  the  facts. 
Fritz  thought  that  in  writers'  cramp  there  is  reflex  spasm  pro- 
ceeding from  the  sensory  cutaneous,  or  sensory  muscular  nerves ; 
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but  this  hypothesis  does  not  appear  to  be  adequate  for  the 
explanation  of  the  majority  of  cases.  The  fact  that  the  morc- 
ments  which  are  acquired  late  in  life  under  the  guidance  oi 
the  will  are  stpecially  afTected  would  appear  to  indicate  thatull 
forms  of  professional  spasm  are  caused  by  a  central  lesion. 

The  diagnosis  of  writers'  cramp  presents  no  special  difScuItr. 
The  diseases  with  which  it  is  most  likely  to  be  confounded 
are  the  various  forms  of  tremor,  chorea,  paralysis  agitans,  pro- 
gressive muscular  atrophy,  locomotor  ataxia,  arthritis  deformaiM^ 
hemiplegia  with  contracture,  and  disease  of  the  motor  aertei 
of  the  hand,  more  especi.illy  of  the  ulnar  (Poore)  ;  but  a 
careful  examination  of  each  individual  case  should  prevent 
anyone  from  falling  into  the  error  of  mistaking  writers'  cramp 
for  one  of  these  affections.  In  order  to  determine  with  precisioo 
the  nature  of  the  disturbance  and  the  particular  muscles  which 
are  affected,  the  character  of  the  handwriting  must  be  studied, 
and  each  muscle  carefully  tested.  Search  should  also  be  made 
for  a  peripheral  source  of  irritation,  such  as  the  use  of  \md 
writing  materials,  the  presence  of  a  painful  scar  or  other  reflw 
irritation,  or  au  attack  of  neuritis. 

The  jyrognosis  is  unfavourable.  Arrest  or  even  consider- 
able improvement  of  the  disease  is  not  uncommon  ;  but  com- 
plete cure  is  rare.  In  a  large  number  of  cases  the  diseaae 
makes  steady  progress,  and  at  length  renders  writing  impossibi* 
in  spite  of  every  treatment.  Writers'  spasm  has  no  direct 
influence  on  the  general  health,  nor  on  the  duration  of  life. 

TrecUment. — Removal  of  the  cause  is  the  primary  require- 
ment Writing,  pianoforte  playing,  or  whatever  else  may  hare 
induced  the  disease,  must  either  be  entirely  discontinued  or 
limited  as  much  as  possible.  In  recent  and  slight  caaes 
this  alone  will  effect  a  cure  in  from  one  to  two  months ;  but 
in  severe  cases  there  is  little  chance  of  recovery  unless  the 
patient  can  give  up  his  occupation  for  six  months  or  a  year. 
If  this  cannot  be  done,  the  patient  must  be  recommended  to 
use  soft  pens,  to  write  slowly  and  deliberately,  and  to  use  a 
suitable  penholder.  Erb  has  found  thick  cork  penholders  very 
serviceable. 

Electricity  is  the  most  powerful  remedy  for  the  disease  which 
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The  faradic  current  appears  to  have  little  eflfect, 
but  may  prove  useful  iu  cases  where  there  is  local  anfesthesia 
Bor  hjpersBSthesia,  or  paralysis  of  particular  muscles.   The  spastic 
forms  are  made  worse  by  the  faradic  current. 

^      The  galvanic  current,  on  the  other  hand,  frequently  gives 

■  favourable  results.  Different  methods  of  applying  the  current 
have  been  advocated  by  various  electro-therapeutists ;  but  the 
best  known  method  appears  to  be  to  galvanise  the  vertebral 
column  in  the  cervical  region  with  ascending  stabile  or  labile 
currents,  and  to  combine  with  this  the  peripheral  galvanisation 
of  the  nerves  and  muscles  of  the  arm  specially  affected.  Erb 
recommends  also  the  transmission  of  galvanic  currents,  both 

■  transversely  and  in  an  antero-posterior  direction  through  the 
^  head.     The  galvanic  treatment  should  be  continued  several 

months  at  the  least,  and  the  application  may  be  made  as  often 

I  as  from  three  to  six  times  per  week  ;  but  the  current  employed 
must  not  be  too  stroDg. 
When  electric  treatment  proves  ineffective,  not  much  benefit 
need  be  expected  from  other  remedies  ;  but  several  other  means 
may  be  employed  along  with  electricity.  The  most  promising  of 
these  methods  are  gymnastics,  shampooing,  tonics,  mountain 
travelling,  and  a  moderate  cold-water  cure.  Baths,  couuter- 
irritants,  and  embrocations  are  of  no  avail.  I  have  found  benefit 
accrue  in  the  paralytic  form  of  the  disease  from  subcutaneous 
injections  of  strychnia. 

f  Mechanical  means  have  been  resorted  to  in  desperate  cases. 
The  simplest  method  of  this  kind  is  to  insert  the  pen  into  a 
cork  or  thick  piece  of  wood,  or  to  fasten  it  by  means  of  a  ring 
to  the  first  or  middle  finger.  The  attempts  which  have  been 
made  to  counteract  particular  spasmodic  movements  by  means 
of  complicated  apparatus  have  all  proved  unsuccessful  Many 
patients  are  relieved  by  applying  a  narrow  bandage  or  a  strip 

I  of  court  plaster  firmly  round  the  wrist. 
Tenotomy  of  the  affected  muscles  has  been  performed  by 
Stromeyer.  Dieffenbach,  Langenback,  and  others,  but  the  results 
obtained  have  not  been  very  encouraging.  The  treatment  of 
the  other  professional  spasms  must  be  conducted  on  essentially 
similar  principles. 
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u. 

Spleniua  colli,  partially  aen;    (I^H 

^^^^P          acapnia. 

common  orii^n  of  the  apleBioa^^H 

^^^^^  A,  LatiMiiuuR  dorsL 

•een  attached  to  the  ipinnn*  |M^^| 

^H           5,  Deltoid. 

ceaaaa  below  the  origin  of  iho^^H 

^^1          U,  Muaclea  of  the  donmm  of  the  right 

boideiu  major.                             ^^H 

^^B                   aoapula :      infraapinatuii,      terea 

15, 

Vertebral  aponearoais.                     ^^M 

^K                 minor,  aod  teres  major. 

16, 

Serratut  poaticiu  inferior.               ^^M 

^^^^B  7,  Obliquna  extemua. 

17, 

SupraBpinntoa.                            ^^^^^^ 
Tntraapinatua.                           ^^^^^| 

^^^HH'8,  (rluteiin  m'diiis. 

18, 

^^^^■9,  Glutei  maximi. 

19, 

Teres  minor.                              ^^^^H 

^          10,  Levator  anguli  •capulip. 

I'D, 

Teres                                        ^^^^H 

^H          U,  Rhomboideui  minor. 

21, 

Long  head  of  trioapa.              ^^^^H 

^H          1'/,  Khomboideua  major. 

"A 

Serratns  magnna.                      ^^^^H 

^H         \\  Spleoiiu   capitia;    the  moacle   in- 

23, 

■ 

Obliquus  interaua                   ^^^^H 
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are  rarely  separately  paralysed.  There  is  impairment  or  loss 
of  the  power  of  adducting  the  arm  to  ihe  thorax,  and  the 
patient  is  unable  to  seize  the  opposite  shoulder  with  the  hand, 
or  to  resist  passive  abduction  of  the  arm.  If  the  muscles  are 
also  atrophied,  the  sub-clavicular  fossa  is  considerably  deepened, 
the  ribs  and  intercostal  spaces  are  strongly  marked,  and  the  an- 
terior wall  of  the  axilla  is  reduced  to  a  flaccid  fold  of  skin. 

(2)  Paralysis  oftl^eRhomboideiand  Levator  Angull  ScayuUn. 
All  these  muscles  are  supplied  by  the  fifth  cervical  nerve,  the 
levator  usually  receiving  also  a  branch  from  the  third  cervical, 
and  paralysis  of  themr  renders  forced  elevation  of  the  scapula 
without  rotation  impossible.  The  diagnosis  is  difficult,  except 
when  there  is  coincident  paralysis  and  atrophy  of  the  trapezius, 
and  in  that  case  the  patient  is  unable  to  draw  the  scapula 
towards  the  vertebral  column;  while  paralysis  of  the  levator 
anguli  scapulae-  is  recognised  by  the  inability  to  effect  the 
characteristic  elevation  of  the  scapula. 

(3)  Paralysis  of  the  L<vtissimiks  Dorsi. — This  muscle  is 
supplied  by  the  long  subscapular  nerve,  and  paralysis  of  it  is  rare 
as  an  isolated  aiiiection,  although  eommon  as  a  subordinate 
symptom  of  progressive  muscular  atrophy.  The  arm  cannot 
be  adducted  with  the  usual  amount  of  force,  and  the  Land 
cannot  be  brought  with  the  usual  facility  to  the  buttock. 

(4)  Parali/sis  of  the  Inward  and  Outward  Rotators  of  the 
Upper  Arm. — The  outward  rotators  consist  of  the  infraspinatus 
muscle,  which  is  supplied  by  the  suprascapular  nerve,  and 
the  teres  minor,  supplied  by  the  circutnttex ;  when  these  are 
paralysed  all  the  movements  requiring  outward  rotation  of  the 
arm  are  rendered  difficult  or  impossible.  In  writing  and  drawing, 
the  formaliou  of  straight  lines  from  left  to  right  is  in  part 
dependent  upon  the  contraction  of  the-  infraspinatus  and  teres 
muscles,  so  that  these  manual  operations  are  rendered  somewhat 
difticult.  If  the  arm  be  rotated  inwards,  the  patient  is  unable  to 
rotate  it  outwards.  When  the  muscles  are  atrophied,  there  is  an 
increased  depression  of  the  infraspinatus  fossa. 

The  inward  rotators  consist  of  the  subscapularis,  the  teres 
major,  and  in  part  al.so  the  latissimus  dorsi,  which  are  all  in- 
nervated by  the  subscapular  nerves.  When  these  are  paralysed, 
all  movements  of  the  hand  towards  the  opposite  side  of  the  body 
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or  head  are  rendered  difficult  or  impossible  ;   and  whea 
arm  is  rotated  outwards  the  patient  no  longer  retains  the  power 
to  rotate  it  inwards,  except  perhaps  to  a  limited  degree  by 

FiQ.  69. 


Fig.  60.  iftuda  of  the  Anteriur  Atput  of  Ikt  Trunk  (from  Wilson).— On  Umi 
■ids  o(  the  body  the  superficial  layer  in  oeen,  on  tbv  rit;ht  tlie  dt!e|>«r  layer. 


1,  Pect<'>rali«  major. 

2,  iJeltoi.l. 

3,  Anterior  border  of   the  UttMimna 

doni. 

4,  Serratiu  magniu. 

f>,  Subclaviua,  right  aide. 

6,  PectorAlia  minor. 

7,  Coraco-hrachialifl. 

8,  Up|)er  part  of  the  biceps,  ahowing 

ita  two  heada. 
0,  Coracoid  proceM  of  the  acapnia. 

10,  Serratua  maj;uait,  riuht  aidi*. 

11,  External  intercostal  inuacle  of  the 

fifth  intercoatal  apace, 

12,  External  oblirjue. 

I'i,  Ita  aponeurosis  :  the  median  line  to 
the  ri(,'ht  of  this  number  ia  the 
Uuea  aUw ;  the  carved  line  to  ita 


left,  the  linea  aemilunariii  th* 
trausrerao  Unea  above  an4  beliMr 
the  number,  the  linen 

14,  Poupart'a  ligament. 

1.5,  External  abdominal  ring. 

IC,  Rectus  muscle  of  the  right  sUIe 
bnmubt  into  view  by  the  remoial 
of  toe  anterior  segment  of  ita 
sheath ;  *  |>osterior  aaement  of  ita 
sheath  with  the  divided  edge  of 
the  anterior  segment. 

17,  Pyramidftlis  muscle. 

18,  Internal  obliijue. 
I'J,  Conjoined  tendon  of    the 

oblique  and  traniver«alia. 
20,  The  lower  cnrved  bonier  cf  Use  is> 
temal  oblique  muscle. 
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eans  of  the  pectoralis  major.  The  arm  is  maintained  in  a 
position  of  abnormal  rotation  outwards ;  but,  contrary  to  what 
occurs  when  the  outward  rotators  are  contracted,  passive 
mobility  is  preserved. 

(5)  Paralysis  of  the  eerratibs  magnua  muscle,  which  is  inner- 
vated by  the  posterior  or  long  thoracic  nerve,  not  unfrequently 
occurs  as  an  isolated  affection.  In  the  great  majority  of  cases 
the  paralysis  is  peripheral,  since  the  long  course  and  compara- 
tively superficial  position  of  the  nerve  exposes  it  to  direct 
injury,  from  carrying  heavy  loads  on  the  shoulder,  from 
pressure  or  contusion,  blows,  concussion  of  the  shoulder,  and 
gunshot  wounda  Both  unilateral  and  bilateral  paralysis  of  the 
aerratus  have  been  observed  after  over-exertion  of  the  muscles 
of  the  shoulder,  as,  for  example,  in  mowers,  puddlers,  and  othpr 
mechanics.  In  these  cases  it  is  probable  that  the  nerve,  as  it 
perforates  the  scalenus  medius,  suffers  injury  when  violent  and 
repeated  movements  of  the  shoulder  are  performed.  Paralysis 
of  the  serratus  is  also  caused  by  exposure  to  cold ;  it  is  more 
frequent  in  men  than  in  women,  and  may  supervene  as  a  seqiiel 
of  typhoid  fever.  It  may  also  occur  &s  a  symptom  of  spinal  or 
cerebral  disease,  but  in  that  case  other  muscles  are  coiuciJently 
affected,  especially  the  lower  portion  of  the  trapezius,  the  latissi- 
mus  dorsi,  the  rhomboidei,  &c. 

Symptc/ms. — The  paralytic  symptoms  are  frequently  pre- 
ceded for  some  time  by  neuralgic  pains  in  the  neck  and  round 
the  shoulder-blade  (Poore),  and  some  difficulty  may  be  expe- 
rienced in  performing  certain  movements.  When  the  muscle 
becomes  paralysed,  and  the  arm  is  banging  down  by  the  side, 
the  scapula  is  somewhat  raised  and  approximated  to  the  vertebral 
column,_  and  so  rotated  on  its  axis  that  its  inner  or  vertebral 
border  is  directed  obliquely  upwards  and  outwards,  the  inferior 
angle  is  drawn  close  to  the  vertebral  column,  and  stands  out 
slightly  from  the  thoracic  wall.  These  symptoms  are  caused 
by  the  unantagonised  action  of  the  rhomboidei,  levator  anguli 
scapulie,  trapezius,  and  pectoralis  minor. 

When  certain  movements  are  performed,  very  striking 
symptoms  make  their  appearance  on  the  side  affected.  The 
patient  experiences  some  difficulty  in  raising  the  extended  arm 
above   the   horizontal   level.     The  reason   of  this  is  that  the 


u 
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rotation  forwards  of  the  scapula  and  the  elevation  of  its  external 
angle,  which  is  mainly  effected  by  the  serratiis,  is  much  im{ 
but  as  the  rotatory  action  of  the  trapezius  can  still  be  brougS 
into  play,  the  arm  can  be  raised  to  a  level  midway  betweoft 
the  horizontal  and  vertical  positions.  Forcible  rotatioaj 
the  scapula  forwards  and  fixation  of  the  bone  enables 
arm  to  be  raised  to  a  vertical  position.  When  the  arm ' 
raised  to  the  horizontal  position,  the  inner  border  of  tbe  scapaU 
is  drawn  more  and  more  inwards  towards  the  vertebral  coluroo. 
pushing  a  mass  of  muscle  before  it;  and  if  the  paralysis  be 
bilateral,  the  inner  borders  of  the  scapulae  may  actually  toudi 
one  another.  If  the  raised  arm  be  brought  forward,  the  inoet 
border  of  the  scapula  becomes  more  and  more  separated  from 
the  costal  wall;  so  that  a  deep  fossa  is  formed  in  which  the  hud 
may  easily  be  laid  and  the  inner  surface  of  the  bone  felt  In 
bilateral  paralysis  the  scapula;  enclose  a  deep  hollow  in  whidi 
the  muscular  bellies  of  the  rhomboidei  distinctly  project  If 
contraction  of  the  muscle  can  be  eflfected  by  faradic  irritatioa  rf 
its  nerves,  the  characteristic  deformity  is  at  once  removed 
Other  movements  are  also  interfered  with.  It  is  difficult  to 
cross  the  arms  in  front  of  the  chest,  and  to  move  tbe  apex  of 
the  shoulder  forwards  as  is  re<juired  in  delivering  a  bio* 
in  fencing,  and  the  patient  oflf'ers  less  resistance  on  the  paralysed 
side  to  forcible  retraction  of  the  shoulder.  Tbe  digitationiof 
the  serratus  magnus  with  tbe  external  oblique  are  not  ol 
on  the  paralysed  aide  during  forced  inspiration. 

Disturbances  of  sensibility  are  only  rarely  present ; 
siderable  atrophy  of  the  afiected  muscle  is  usually  obserredl 
progressive  muscular  atrophy,  as  well  as  in  severe  traun 
neuritis,  but  it  only  occurs  to  a  slight  degree  in  paralyMStC 
central  origin,  and  in  mild  rheumatic  cases. 
•  In  traumatic  and  severe  rheumatic  paralyses  the  reaction! 
degeneration  is  present ;  in  paralysis  from  progressive  mu-tcnUt 
atrophy  there  is  simple  diminution  of  the  electrical  excitability, 
and  in  central  paralyses  and  those  produced  by  slight  presssR. 
the  excitability  undergoes  no  change,  or  only  a  slight  dimioo- 
tion.  The  course  of  paralysis  of  the  serrati  varies.  Rhcumatiie 
paralyses  and  those  arising  from  slight  pressure  almost  almn 
recover.    Traumatic  paralyses  are  usually  of  long  duration 


AND  BRACHIAL   PLEXUSES. 


475 


are  not  unfrequently  incurable.  The  paralyses  arising  from 
progressive  muscular  atrophy  are  also  incurable.  In  protracted 
cases  gradual  contraction  of  the  antagonist  muscles  takes  place. 

The  following  case  of  paralysis  of  the  serratus  magnus  was 
kindly  sent  to  me  by  Dr.  Hardie,  and  I  am  indebted  for  the 
notes  of  the  case  to  Mr.  Challinor,  who  was  at  the  time  one  of 
the  house  physicians  at  the  Royal  Infirmary.  The  accompany- 
ing engraving  is  from  a  sketch  of  the  patient  by  Mr.  Withers. 

Fig.  70. 


k,  set.  32  years,  boiler-maker,  entered  the  Uoyal  Infirmary  on 
er  24th,  1879.  Five  or  six  weeks  before  his  admission,  ho  was 
walking  on  a  frosty  morning  on  an  inclined  plank  of  wood,  when  his  feet 
slipped,  and  he  fell  backwards  and  to  the  left.  He  threw  out  his  right 
arm  horizontally  to  protect  himself,  and  the  edge  of  the  jilauk  struck  him 
below  the  right  armpit  and  shoulder  blade.  He  felt  little  or  no  pain  at 
the  time,  and  the  skin  over  the  part  struck  did  not  subsequently  become 
discoloured.  Some  days  after  the  accident  be  felt  that  he  could  not  raise 
his  right  arm  as  well  as  unual,  but  he  did  not  think  there  was  anything 
seriously  wrong  until  a  fortnight  ago,  when  a  companion  drew  his  atteutiou 
to  a  deformity  of  bis  right  shoulder  blade. 
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Pretcnt  Cmidition, — As  the  patieat  stands  with  his  arms  ha&giiig  b; 
his  si'Je,  the  ouly  noticeable  deformity  is  that  the  inferior  angle  of  th«  fight 
scapula  projects  somewhat  further  from  the  costal  wall,  is  somewhat  uamr 
the  middle  line,  and  on  a  slightly  higher  level  than  the  oorrespoodiag 
angle  of  the  left  scapula.  The  right  scapula  is  also  rotated,  so  tlul  iti 
internal  border  slants  slightly  upwards  and  outwards,  ita  inferior  borte 
being  more  horizontal  than  that  of  the  left.  The  8U(iericir  interual  tngle 
of  the  right  scapula  is  on  a  slightly  higher  level  than  that  of  the  l«ft, 
but  the  external  angle  with  the  shoulder  of  the  right  side  appean  to 
be  on  the  same  level  as  that  of  the  left. 

AVben  the  patient  extends  his  arms  horizontally  outwards  the  ngbt 
shoulder  blade  ia  drawn  backwards  and  inwards,  so  that  its  internal  borto 
is  parallel  with  and  close  to  the  spines  of  the  dorsal  vertebrae  {Fig.  70). 
The  internal  border  of  the  left  scapula,  on  the  other  hand,  slants  obli'iutlj 
from  above  downwards  and  from  within  outwards,  the  up()er  angle  Udog 
close  to  the  spines  of  the  vertebne,  and  the  lower  one  4^ia.  removed  tna 
them.  The  right  scapula  is  one  inch  higlier  than  the  left,  and  the 
internal  border  of  the  former  stands  out  two  inches  from  the  costal  mil, 
while  the  internal  border  of  the  left  is  closely  applied  to  it. 

On  the  arms  being  extended  horizontally  forwards  the  right  scapula  it 
drawn  outwards  and  rotated  on  its  vertical  axis,  so  that  it  {)rojecta  &oo 
the  chest  like  a  wing,  the  internal  border  being  2^in.  from  the  costal  vail, 
whilst  the  corresponding  border  of  the  left  is  closely  applied  to  it.  The 
lower  angle  of  the  right  scapula  is  l^in.  from  the  middle  line  ;  that  of  the 
left.  6^  inches.  The  upper  and  internal  angle  of  the  right  is  jin.,  and 
that  of  the  left  2in.  from  the  spines  of  the  vertebras  ;  while  the  rigirt 
scapula  stands  also  ]^  inches  higher  than  the  left. 

On  the  arms  being  crossed  in  front,  so  that  the  tips  of  the  finger* 
touch  opposite  shoulders,  the  deformity  of  the  right  shoulder-blade  almoit 
disappears,  the  inner  border  being  closely  applied  to  the  costal  wall  Ths 
lower  angle  of  the  right  is  4^tn.,  and  of  the  left  &^in,  from  the  miJ'fle 
line ;  and  the  internal  superior  angle  of  the  right  3in.,  and  of  the  left 
3^in.  from  the  middle  line.  The  upper  border  of  the  right  is  one  iosh 
higher  than  that  of  the  left. 

When  the  patient  raises  the  arms  in  a  vertical  direction  the  left  beoomatj 
closely  applied  to  the  left  ear,  while  the  right  is  Tin.  removed  from  the  rigl 
ear.    The  inferior  angle  of  the  right  scapula  is  now  2^in.,  and  of  the 
7iin.  from  the  spines  of  the  vertebra; ;  while  the  inner  border  of  the  ngfat' 
scapula  is  2^in.  from  the  costal  wall,  and  the  loft  closely  applied  to  it: 
the  inferior  angles  of  both  scapula  being  on  the  same  level. 

When  the  patient  takes  a  deep  inspiration,  the  digitations  of 
semttus  magnus  with  the  external  oblique  are  plainly  visible  in  the 
side,  but  the  wall  of  the  chest  remains  quite  smooth  on  the  right  nda 
During  quiet  respiration  each  half  of  tiie  chest  measures  IS^in.;  ou  it*f 
expiration  the  measurements  are  18in.;  but  on  deep  iaspiratioa  tl 
side  measures  19jin.,  and  the  left  ISjiu,  only. 
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When  a  faradic  current  is  pajssed  through  the  anterinr  fibres  of  the 
deltoid  of  the  injured  side,  a  deformity  of  the  shoulder  blude  is  produced 
eitnilar  to  thnt  caused  when  the  arms  ore  extended  laterally  at  right  angles 
to  the  body.  When  the  current  is  passed  through  the  anterior  fibres  of 
the  left  deltoid,  the  shoulder  blade  of  that  aide  assumes  a  po.-tition  closely 
re.sembling  that  of  the  diseased  side  when  the  arms  are  hanging  by  the 
aide.  The  rhomboidei  muscles  act  energetically  to  a  weak  faradic  current. 
No  contraction  of  the  right  scrratus  magnus  can  be  obtained  by  either 
current  when  applied  cutaneou»ly,  but  distinct  contractions  are  obtained 
to  a  galvanic  current  from  20  cells  Leclancb6  by  means  of  electric 
acupuncture,  He  was  ordered  five  grains  of  iodide  of  potassium  to  be 
taken  three  times  a  day,  and  the  galvanic  current  to  be  passed  through 
I  the  paralysed  muscle  by  means  of  electric  acupuncture, 
^fe  The  patient  remained  a  fortnight  in  the  infirmary  without  prexentiug 
^  any  notable  signs  of  improvement,  and  then  became  an  out-patient. 
Towards  the  end  of  January,  the  affected  mui^cle  began  to  contract 
decidedly  during  voluntary  movements  of  the  arm,  but  there  was  no 
manifest  change  in  the  electric  reactions  obtained.  From  this  date  rapid 
improvement  took  place  ;  and  I  lost  sight  of  him  for  n  time,  and  did  not 
see  him  until  the  month  of  May  following,  when  he  presented  himself  at 
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;  genstiu  M*(nii< 
LatiMimua  Dorai 


_  Obltqniu  Ek  tornn* 
lut«rixMtBl  Nerrw) 
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mj  rooms,  and  I  could  not  detect  a  trace  of  defortnity,  but  the  li^t 
serratus  magnus  did  oot  even  then  respond  so  readilj-  to  the  faradk  i 
rent  aa  the  corresiK>ndiug  muscle  of  tbe  left  aide. 

Remarks. — The  paralysis  in  this  case  was  not  likelj  to  have  been  < 
hy  direct  injury  to  the  muscle,  inasmuch  ais  tbe  blow  received  undartta 
armpit  during  the  fall  appears  to  have  been  of  a  very  trifliug  character. 
is  more  probable  that  there  was  injury  and  consequent  neuritis  of  tka 
long  thoracic  nerve  as  it  pa'^es  through  the  scalenus  mediua,  caused  by  tk( 
sudden  contraction  of  the  muscle  when  the  patient  threw  out  hia  rigit 
arm  in  order  to  protect  himself  while  falling.     The  deformities  prodnoal 
by  passing  a  faradic  current  through  the  anterior  fibres  of  tbe  deltoiil  <Q 
tbe   paralysed  and  sound  sides  show  that  contraction  of  th»<e  fibni 
oontributea  greatly  in  producing  the  deformities  of  the  ahoulder-blad* 
tbe  afiected  side  when  the  arm  is  horizontal.    It  is  also  probable  that  ei 
traction  of  the  pectoralis  minor  contributes  in  both  instance^!  in  pnxiutaC 
the  deformity. 

The  diagnosis  of  paralysis  of  the  serratus  wheD  uncotnpli- 
cated  presents  no  difficulty  ;  it  may  be  recognised  by  refereoec 
to  tbe  description  of  the  symptoms.  The  prognosis  in  detennined 
by  the  cause  of  the  disease,  the  degree  of  the  atrophy,  the 
alterations  of  the  electrical  excitability  and  the  time  that  tbe 
disease  has  lasted. 

Treatment. — The  treatment  of  these  various  forma  of 
lysis  must  be  conducted  on  general  principles,  and  con 
graduated  exercises,  shampooing,  and  friction.  The  uae  of  tbe 
galvanic  and  faradic  currents,  however,  affords  the  beat  resalu 
and  in  the  severer  forms  electric  acupuncture  is  a  valuable 
method  of  treatment.  Tbe  annexed  diagram  shows  tbe  motor 
points  of  the  surface  of  tbe  trunk. 

(5  295.  Paralyaia  of  the  several  Nei-vea  and  MuacUa  of  lk$ 
Upper  Extremity. 
(1)  Paralyaia  of  tlie  Musdes  sapplied  by  the  Cireumjtex 
Nerve. — It  may  be  paralysed  by  variotis  injuries  aSectiag 
the  shoulder  and  shoulder-juint,  or  the  deltoid  muscle  itael£ 
Rheumatism  and  chronic  inflammation  of  the  sboulder-joiot 
frequently  cause  paralysis  of  the  deltoid,  and  it  is  not  unfire- 
quently  produced  by  exposure  to  cold  and  neuritis.  Paralysis  uf 
tbe  circumflex  is  also  a  symptom  of  disea-ise  of  tbe  brachial  plexui, 
of  central  paralyses  of  all  kinds,  of  saturnine  paralysis,  of  pro- 
gressive muscular  atrophy,  and  of  pseudo-muscular  hypertrophy. 
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[The  symptoms  are  almost  exclusively  those  of  paralysis  of  the 
Idettoid  muscle.  The  arm  cannot  be  raised;  and  when  attempts 
re  made  to  raise  it,  the  deltoid  remains  quite  relaxed  and  the 
^arm  lies  flat  and  immovable  against  the  wall  of  the  thorax.  It 
J  is  also  impossible  to  raise  the  arm  in  a  forward  direction. 
K  The  muscle  frequently  atrophies  and  the  shoulder-joint  be- 
"comes  so  loose  that  a  deep  groove  can  be  felt  through  the 

atrophied  muscle,  between  the  head  of  the  humerus  and  the 
Vartictilar  surface  of  the  scapula.     There  may  be  pain  in  the 

shoulder-joint  and  in  the  substance  of  the  muscle,  but  other 

sensory  disturbances  iu  the  region  of  distribution  of  the  circum- 
flex nerve  are  rare. 

The  electric  excitability  may  be 

normal  at  first,  and  then  gradually 

undergo   diminution,   especially   iu 

progressive  muscular  atrophy,  and 

in    paralysis   resulting   from    rheu- 
matism of  the  shoulder-joint.      The 

various   phases  of  the  reaction    of 

degeneration  may  be  present  in  the 

whole  muscle,   or  limited   to   par- 
ticular portions  of  it 

When  the  paralysis  is  persistent 

the  atrophy  gradually  increases,  the 
^joint  becomes  loose,  and   in   many 

cases    anchylosis    eventually   takes 

place,  the  arm  remaining  more  or 

less  useless. 

(2)  Paraly»ia  in  the  Region  of 

DiatribtUion  of  the  Musculo-Cuta- 
B  neoua Nerve. — Paralysisof  this  nerve 

leads   to   impairment   or   complete 

impossibility  of  flexing  the  forearm 
H  OQ  the  upper  arm,  more  especially 

when  an  attempt  is  made  to  bend 

the  arm  in  a  position  of  supination, 

inasmuch   as   in   that  position  the 

flexor  action  of  the  supinator  longus 

is  no  longer  exerted.     The  seat  of 


Flo.  72.  Atutcitt  of  tht  Anterior 
Atpttt  of  tht  Upper  Arm  (from 
WUicm.) 


process     of     thr 
licsmeDt 


^  itj    no   iQBBe 


1,  Conon'hl 
■capuli 

2,  Coraoo-olaTicnlu 
(trapezoid). 

3,  Conicfj-iicrnmial  ligamrnt. 

4,  Snbacapularia. 

5,  Teres  msjnr. 

6,  ( 'oraoo-brachuilii. 

7,  Bicei*. 

8,  Upper  end  of  the  radJiu. 
!>,  Brachiklis  aotious. 

10,  Interual  <  tniM\i«. 


FlO.  73    Superficial  Mutelu  of  the  hatJi; 
of  Fortarm  (from  Wilson). 

1,  Biceps. 

2,  Brachialia  snticna. 

3,  Lower  )>ikrt  nf  the  tricepa,  inserted 

■Dto  the  olfcrunon. 

4,  Supinator  Inugiu. 

n,  Extensor  carpi  radialia  longior. 

6,  Extensor  carjii  radialis  brevior. 

7,  Tendons  of  insertion  of  these  two 

mtucles. 

8,  Extensor  commanisdigitorucn. 

9,  Extensor  minimi  digiti. 

10,  Extensor  cari>i  ulnoris. 

11,  Anconeus. 

12,  Flexor  carpi  nlnaria. 

13,  Extensor  oasis  metacarpi  and  ex- 

tensor primi  iuterBoiUi  pollicis 
lying  together. 

14,  Extenaor  secundi  intemodii  pollicia. 
16,  Foatcrior  annular  ligament.     The 

tendons  of  the  common  extensor 
are  seen  on  the  back  of  the  hand, 
and  their  mode  of  insertion  on  the 
donum  of  the  finger*. 


Flo.  74.     r>rrp  Mutelu  uf  Ike  lark 
Fortarm  tlrom  W  ilaoa). 

1,  Humertu. 

2,  O'ecranon. 

3,  Ulna. 

4,  Anconeus. 

&,  }<apinator  brevia. 

6,  Extensor  oasis  metaoarj's 

7,  Extenaor  primi  internoi!  I 

8,  Extensor  secundi  iotcmoLiu  ^.i.iiiLi 

9,  Extensor  indicis. 
10,  First   doraal   intemaaer>«»    "•< 

The  other  three  dors, 
are  seen  between  the  . 
bones  of  their  rgspeolive  tUijHV 
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V  the  lesion  may  often  be  ascertained  hj  the  presence  of  anxstbesia 
along  the  radial  border  of  the  forearm.  This  form  of  paralysis 
is  usually  associated  with  paralysis  of  other  muscles  innervated 
by  branches  from  the  bmcbial  plexus,  and  is  rare  as  an  isolated 
affection. 

K      (3)  Paralysis  in  the  Region  of  Distribution  of  the  ilusculo- 

■  Spiral  Nerve. — The  musculo-spiral  nerve  is  more  frequently 
affected  than  any  other  branch  of  the  brachial  plexus,  probably 

■  owing  to  its  exposed  position  as  it  winds  round  the  uppei;  arm. 
Paralysis  of  this  nerve  is  supposed  to  be  frequently  caused  by 
exposure  to  a  draught  of  cold  air,  or  sleeping  on  damp  earth  ;  but 
it  is  more  probable  that  in  the  majority  of  these  cases  there  is 
compression  of  the  nerve.  This  occurs  very  commonly  during 
deep  and  prolonged  sleep,  especially  in  states  df  intoxication ; 
and  under  these  circumstances  the  paralysis  appears  when  the 
patient  awakes.  The  nerve  may  also  be  subjected  to  compression 
by  improperly  constructed  crutches,  and  in  various  other  ways 
which  need  not  be  detailed.  Rheumatic  paralysis  of  the 
musculo-spiral  is  by  no  means  so  frequent  as  was  at  one  time 
believed.  Paralysis  of  the  nerve  is  caused  by  various  wounds, 
contusions,  and  other  injuries,  and  may  result  from  neuritis. 
Hysterical  paralyses  of  the  musculo-spiral  are  rare.  This  nerve 
is  frequently  implicated  in  central  and  especially  in  cerebral 
paralysis.  Lead  poisoning  is  a  frequent  cause  of  paralysis  of 
the  musculo-spiral  nerve,  the  affection  being  usually  preceded 
by  coiic  and  arthralgia.  Lead  paralysis  usually  commences  in 
the  muscles  supplied  by  the  musculo-spiral  in  the  forearm,  and 
especially  the  extensor  communis  digitorura,  but  ultimately  the 
muscles  of  the  hand,  upper  arm,  and  shoulder,  as  well  as  those 
of  the  lower  extremities,  are  not  uufrequently  affected. 

Sympto^ns. — When  the  musculo-spiral  nerve  is  completely 
paralysed,  the  hand  is  kept  in  a  state  of  flexion,  it  Langs  flaccid 
and  cannot  be  raised  or  extended  ;  the  thumb  is  flexed  and  ad- 
ducted,  and  the  fingers  are  flexed  over  the  thumb.  When  an 
attempt  is  made  to  extend  the  fingers,  the  interossei  and  lum- 
bricales  alone  act ;  and  these  only  extend  the  two  terminal 
phalanges,  whilst  they  flex  the  basal  phalanx.  The  thumb  and 
index  finger  cannot  be  abducted  or  extended.  There  is  inability 

Cite  the  forearm,  especially  when  it  is  extended  so  as  to 
F 
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exclude  the  actioD  of  the  biceps ;  nor  can  it  be  bent  and  lulf 
supiuated  by  the  supinator  longus.     Paralysis  of  the  supinator 
longus  is  readily  recognised  by  requesting  the  patient  to  nukfl 
a  powerful  effort  to  flex  the  arm   against  a  resisting  object 
when  the  arm  is  maintained  in  a  half-flexed  position,  and 
way  between  pronation  and  supination,  the  muscle  doe* 
become  rigid,  but  remains  flaccid  and  soft.     If  the  triceps  be 
simultaneously  affected,  the  patient  cannot  extend   the  am 
with  any  degree  of  force.     If  the  hand  be  laid  upon  a  table,  no 
lateral  movements  can  be  made  with  it,  nor  can  it  be  raised 
from  the  surface  of  the  table;  but  the  lateral  movements  of 
the  fingers  remain  unimpaired.     The  action  of  the  flexora  is 
apparently  weakened  ;  but  the  feebleness  of  their  contractiooe 
is  due  to  the  fact  that  the  flexed  position  assumed  by  the 
band  approximates  the  points  of  origin  and  insertion  of  the 
flexors. 

More  or  less  aniesthesia  usually  accompanies  motor  pan- 
lysis  of  the  musculo-spiral  nerve,  and  if  the  cause  be  situated 
high  up  the  anassthesia  affects  the  region  of  the  superior  and 
inferior  external  cutaneous  branches ;  but  if  lower  down,  the 
dorsal  surfaces  of  the  first  three  and  a  half  fingers,  as  far  as  to 
the  second  phalanx,  and  the  corresponding  parts  of  the  back 
of  the  hand  and  ball  of  the  thumb,  are  alone  affected. 

The  extensor  muscles  are  frequently  atrophied,  and  some- 
times a  painless  swelling  of  the  extensor  tendons  over  the 
wrist-joint  is  observed.  This  swelling  has  been  described 
under  the  name  of  tenosijnitia  hyperplnstiai,  and  is  cansed 
by  the  irritation  to  which  the  tendons  are  exposed  while 
running  over  the  strongly-flexed  wrist  At  times  it  may  be  the 
result  of  trophic  disturbances  from  the  paralysis  of  the  nerve 
(Erb). 

The  electric  excitability  is  normal  in  the  slight  cases  arising 
from  pressure  and  exposure  to  cold.  The  seat  of  the  leaioo 
may  sometimes  be  accurately  ascertained  by  means  of  the 
electrical  reaction,  since  while  the  excitability  of  the  nerve 
may  be  normal  below  the  lesion,  no  reaction  can  be  obtained 
when  the  current  is  applied  above  it.  The  reaction  of  degene- 
ration occurs  in  all  severe  traumatic  paralyses  and  in  lead 
paralysis,  and  the  muscles  present  a  high  degree  of  atrophy. 
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Diagnosis. — Paralysis  from  compression  is  characterised  by 
paralysis  of  all  the  muscles  on  the  extensor  side  of  the  forearm, 
non-implication  of  the  triceps,  disturbance  of  sensibility  only 
in  the  hand,  and  the  persistence  of  normal  electrical  excita- 
bility. CriUch  paralysis  is  characterised  by  implication  of  the 
triceps,  by  normal  electrical  reaction,  and  by  exposure  to  this 
cause. 

In  severe  traumatic  paralysis  different  muscles  will  be  affected 
according  to  the  position  of  the  wound,  and  the  reaction  of 
degeneration  and  atrophy  of  the  affected  muscles  are  always 
present. 

Lead  paralysis  usually  begins  in  the  extensor  communis 
digitorum,  a  few  fasciculi  of  which  are  first  affected,  and  then 
the  whole  muscle.  The  radial  and  ulnar  extensors,  and  the 
extensors  of  the  thumb,  are  then  successively  affected.  The 
supinator  brevis  is  only  affected  at  a  late  period  of  the  disease; 
and  the  supinator  longus  almost  invariably  escapes,  being  only 
affected  in  very  rare  cases,  and  then  at  a  late  stage  and  to  a 
very  moderate  degree,  and  when  the  paralysis  extends  to  the 
muscles  of  the  upper  arm.  Both  arms  are  usually  affected 
shortly  after  one  another.  The  reaction  of  degeneration  appears 
early  and  very  decidedly  in  a  part  of  the  paralysed  muscles, 
and  as  usual  it  is  associateil  with  progressive  atrophy  of  the 
muscle.  In  many  cases  the  veins  of  the  forearm,  especially  those 
of  the  extensor  side,  are  remarkably  swollen  and  varicose ; 
the  presence  of  the  blue  line  on  the  gums  will  aid  the 
diagnosis. 

The  course  and  prognosis  of  the  disease  depend  upon  the  nature 
of  the  cause.  Rheumatic  paralysis  often  lasts  from  four  to  six 
weeks,  and  not  unfrequently  for  months  or  even  years;  but 
recovery  is  almost  sure  to  follow  eventually.  Recovery 
usually  takes  place  iu  cnUch  paralysis,  under  appropriate 
treatment  in  from  one  to  two  weeks.  Severe  traumatic  para- 
lyses are  as  tedious  and  protracted  here  as  elsewhere,  and  fre- 
quently from  half  a  year  to  a  year  elapses  before  recovery  is 
complete;  but,  unless  an  irreparable  injury  has  been  done  to 
the  nerve,  recovery  ultimately  occurs. 

Lead  paralysis  is  always  slow,  months  usually  elapsing 
before  the  return  of  voluntary  motion  in  the  paralysed  musclea 
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Hysterical  paralysis  of  the  musculo-spiral  varies  very  macli  io 
its  course,  like  hysterical  paralysis  in  general      Exteiiaion  of 


the  wrist,  fingers,   and  thumb 
such  patients  recover. 

Fia.  76. 


13 


the  last  moyenjent   which 


Fio.  75.  SuptrfieicU  MuteUt  of  the  Fort- 
arm  (from  Wilson). 

1,  Bicen,  with  its  tendon. 

2,  Brkcoialia  anticua. 

3,  Part  of  tricepn. 

4,  Pronator  nulii  teres. 

5,  Flexor  carpi  radialia. 

6,  Palmari*  Inngns. 

7,  Part  of  the  t1i/iririinblimi8dig:itomm ; 

the  rest  of  the  miucle  ii  Men  be- 
neath the  tenJons  of  the  palmaril 
longu*  and  flexor  carpi  radialia. 

8,  Flexor  oarpi  uluaris. 

9,  Palmar  fascia. 

10,  Palmaria  brevia. 

11,  Abductor  poUicis. 

12,  Flexor  brevia  poUicia. 

13,  Supinator  longua, 

14,  Extensor  oasis  metacarpi  and   ex- 

tensor primi  intemodii  pullicis, 
carving  round  tba  lower  border 
of  the  forearm. 


(4)  Paralysis  in  tfi€  Ilegm 
of  Distribution  of  tlie  Median 
Nerve. — Independent  affectioB 
of  the  median  nerve  is  rue, 
especially  that  due  to  riteo- 
matism.  Traumatic  parmlyos 
on  the  other  hand,  is  men 
frequent,  either  afiecting  the 
nerve  above  the  arm  or  ito 
terminal  branch  above  tbe 
wrist.  Some  of  tho  muscles 
supplied  by  the  median  afe 
implicated  in  progressive  mus- 
cular atrophy,  especially  tho« 
of  the  thenar  eminence. 

The  symptoms  of  partdysis 
of  the  median  nerve  Mt 
impossibility  of  flexing  tlie 
second  phalanx  in  every  finger, 
the  third  phalanx  of  the  index 
and  middle  fingers,  as  well  u 
flexion  and  opposition  of  the 
thumb.  The  power  of  abduc- 
tion of  the  thumb  is  impaired. 
Flexion  of  the  6rst  with  ex- 
tension of  the  second  and  third 
phalanges,  in  the  case  of  all 
the  four  fingers,  can  be  easily 
effected  by  means  of  the  inter- 
ossei ;  and,  indeed,  there  may 
be  hyperextensiou  of  the  two 
last  phalanges,  owing  to  the 
unantagonised  action  of  these 
muscles.  The  patient  is 
able  to  perform  any  of  the 
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■ 

delicate  movements  of  the  thumb,  which  is  permanently  ex- 

^1 

tended,  adducted.  and  kept  closely  applied  to  the  forefinger, 

^H 

as  in  the  hand  of  the  ape. 

^^1 

Owing  to  the  deficient  action  of  the  flexor  carpi  radialis. 

^^^ 

tlexion    of   the   wrist   is   also 

^^H 

accompanied     by     adduction, 

Fio.  76. 

^H 

this  being  principally  due  to 

^H 

the  action  of  the  flexor  carpi 

^^1 

ulnaris.      Pronation     of    the 

"*> 

^^1 

htuid    is    almost    impossible, 

^^1 

but  it  can  be  performed  in  an 

*  ^i&         -^ 

^H 

incomplete    manner    by    the 

liLM 

^^H 

supinator    longus    when    the 

^H 

forearm  is  strongly  supinated. 

^^1 

1     The  two  ulnar  fingers  can  still 

if Hm 

^^1 

■  be   partially  bent,   since    the 

1 '  M*  H  rm 

^H 

^  flexor  profundus  digitorum  ia 

^^1 

in  part  supplied  by  the  uhiar 

1  1  11  f 

^^1 

nerve.     The   muscles  of  the 

11 

1 

V 

forearm  and  ball  of  the  thumb 

i 

^^1 

frequently  atrophy. 
■      Disturbance    of    sensibility 
may  be  entirely  absent,  even 

^ 

^H 

Bi 

^^1 

^^ 

when  the  median  is  completely 

/ r  ^ TL UL-Vil' vi*A. 

divided  above   the  wrist,  no 

4/    m\'W 

doubt  in   consequence  of  the 

IIP 

anastomoses  which  the  median 

forms  with  the  other  nerves  of 

r/     *i  '\ 

the  forearm.     If  disturbances 

FlQ.  76.    Deep  UiueUt  uf  On  Forearm 

of  sensibility  be  present,  they 
are  exhibited  in  the  lateral  part 

(from  WiUon). 

1,  Intem&l   lateral    ligament   of   the 
elbow  joint. 

■  of  the  palm  of  the  hand,  on 
the  palmar  side  of  the  thumb. 

2,  Anterior  Ueament. 

3,  Orbicular  ligament  of  the  bead  of 

the  radios. 
4,  Flexor   profundue   digitorum   (the 
lumbricales  removed). 

index  and  middle  fingers,  and 

in  the  ungual  phalanges  on  the 

5,  Flexor  longtu  poUid*. 

6,  Pronator  quadratiu. 

dorsal  side  also. 

7,  Abductor  poUicig. 

8,  Donal  interoeeeoos  of  the  middle. 

Trophic  disturbances  of  the 

and  palmar  interoaseou*  of   the 
ring  finger. 

skin  and  nails,  such  as  glossy 

9,  Dorsal  interoe«eouB  mtucle  of  the 

fingers,  ulceration,  pemphigus 

ring   finger,    and   palmar   inter- 
(MMoas  of  the  little  6nger. 
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vesicles,  and  abnormal  growth  of  hair,  not  unfrequently  make 
their  appearance  in  paralysis  of  the  median.  The  electrical 
reactions  are  the  same  as  in  paralysis  of  other  nerves. 

(5)  Pandysia  in  the  Region  of  Distribution  of  tlie  Ulnar 
Nerve. — Although  the  nerve,  from  its  superficial  position  in  th« 
upper  arm  and  above  the  wrist,  is  much  exposed  to  injury,  it  i< 
not  very  often  affected  with  paralysis.  The  most  frequent 
causes  of  paralysis  of  this  nerve  are  pressure,  contusion,  gnu- 
shot  and  other  wounds,  fractures  of  the  humerus,  dislocations  of 
the  shoulder,  pressure  of  crutches,  and  sleeping  upon  the  arm 
placed  beneath  the  head.  Duchenne  saw  paralysis  of  this 
nerve  frequently  in  workmen  who  rest  the  elbow  firmly  on  a 
hard  support  in  carrying  on  their  ordinary  occupation.  Pro- 
gressive muscular  atrophy  affects  by  preference  the  small 
muscles  of  the  hand  which  are  supplied  by  the  ulnar.  (Table 
11,1,2,3.) 

The  symptoms  of  paralysis  of  the  ulnar  are  limitation  of  the 
power  of  ulnar  flexion  and  adduction  of  the  hand ;  diflSculty  or 

Fio.  77. 


i 


1.  Main  en  grifft.  2. 

Fio.  77  itiler  Dacbenne).  fl)  Band,  Palmariurfaee.  (2)  Donal  turfacr.—A,  Woont 
of  the  nlnar  nerre ;  B,  End*  of  the  metacarp^  booei ;  D,  Tendoot  ot  tba  , 
flexor  roUimia ;  C,  MobcIm  of  the  ball  of  the  taomb. 


AND  BRACHIAL  PLEXUSEa 


487 


I 


impossibility  of  completely  flexing  the  two  last  fingers ;  loss 
of  power  of  moving  the  little  finger,  of  separating  and  com- 
pressing the  fingers  laterally  against  one  another,  and  of  the 
power  of  flexing  the  first  and  extending  the  second  and  third 
phalanges  of  all  the  fingers  owing  to  paralysis  of  the  interossei. 
If  the  interossei  and  lumbricales  are  alone  paralysed,  the 
traction  of  the  extensor  communis  and  of  the  flexors  produces 
extension  of  the  first  and  flexion  of  the  two  last  phalanges,  giving 
to  the  hand  the  claw-like  appearance,  which  is  so  character- 
istic of  paralysis  of  the  ulnar  nerve  above  the  wrist,  and  of 
certain  cases  of  progressive  muscular  atrophy.     The  patient  is 

Fio.  78. 


M8 


DISEASES  OF  THg  CERVICAL 


also  uoable  to  adduct  the  thumb  and  applj  it  firmljr  to  the 
metacarpus  of  the  index  finger.  In  severe  and  protracted  caset 
the  first  phalanges  are  dislocated  backwards  upon  the  meta- 
carped  bones  by  the  uaantagoaised  action  of  the  extensor  oom- 
munis  digitorum ;  while  the  second  become  dislocated  forwards 
on  the  first  phalanges,  and  the  third  on  the  second  bj  the 
unantagonised  actions  of  the  Sexor  digitoram  sublimis  and  pro- 
fundus respectively.  The  most  characteristic  form  of  the  claw 
hand  (main  en  griffe)  is  then  produced. 

The  use  of  the  hand  in  paralysis  of  the  ulnar  is  not  entirely 
abolished,  inasmuch  as  motor  power  is  preserved  in  the  muscles 
supplied  by  the  median  nerve,  although  all  the  delicate  move- 
ments required  for  writing  or  drawing  or  playing  the  piano  are 
impaired.  But  if  the  muscles  of  the  thenar  eminence  or  part 
of  the  extensors  be  simultaneously  affected,  as  frequently 
happens,  the  use  of  the  hand  is  almost  entirely  lost. 

Disturbances  of  sensibility  affect  part  of  the  palm  of  the 
band,  the  palmar  surface  of  the  fourth  and  fifth  fingers,  part  of 
the  back  of  the  hand,  and  the  dorsal  surface  of  the  two  ulnar 
fingers. 

The  atrophy  of  the  muscles  and  electrical  reactions  present 
special  features, 

(6)  Various  combinations  of  paralysis  of  the  nerves  of  ti 
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upper  extremity  occur,  and  each  case  must  be  specially  investi- 
gated as  it  presents  itself.  The  paralyses  which  occur  after 
dislocation  of  the  shoulder-joint  manifest  a  great  variety.  In 
subarachnoid  luxations  the  subjacent  nerve  trunks  of  the 
brachial  plexus  are  especially  liable  to  injury,  and  the  whole 
of  the  nerves  may  be  compressed  or  lacerated,  or  may  be  only 
slightly,  or  not  at  all,  damaged,  according  to  circumstances. 
Sometimes  the  circumflex,  musculo-cutaneous,  and  the  three 
nerve  trunks  of  the  forearm  are  eqnally  affected ;  at  other 
times,  only  the  circumflex  and  musculo-spiral  nerves  are  im- 
plicated; and  many  other  variations  may  occur.  Recovery  is 
generally  slow,  and  the  reaction  of  degeneration  is  exhibited  in 
the  affected  nerves  and  muscles. 

In  paralysis  from  fracture  of  ilie  humerus,  the  result 
depends  upon  whether  one  or  several  nerve  trunks  of  the  fore- 
arm have  been  injured,  or  are  subsequently  implicated  in  the 
development  of  the  callus.  The  musculo-spiral  is  most  fre- 
quently paralysed,  then  the  ulnar,  and  more  rarely  the  median 
nerve. 

Dislocations  of  the  elbow-joint  and  fractures  in  its  vicinity, 
and  of  the  forearm,  are  often  followed  by  paralysis ;  and  the 
ulnar  and  median  nerves  are  particularly  liable  to  be  affected. 
Paralysis  may  also  be  caused  by  tight  bandaging;  all  these 
paralyses  are  obstinate,  and  often  incurable. 

Rheumatic  paralyses  of  the  arm  present  curious  combinations. 
Erb  mentions  cases  in  which  there  was  simultaneous  paralysis 
of  the  deltoid,  biceps,  brachialis  anticus,  and  supinator  longus  ; 
and,  as  he  remarks,  the  seat  of  the  injury  must  have  been  at  a 
point  where  the  fibres  forming  the  circumflex,  musculo-cutaneous, 
and  a  part  of  the  musculo-spiral  nerves  lie  in  close  proximity  to 
each  other.  The  muscles  were  notably  atrophied,  and  presented 
the  reaction  of  degeneration.  Similar  cases  have  been  described 
by  Remak  and  Hoedemaker.  Nearly  the  same  muscles  are  para- 
lysed in  the  form  of  paralysis  which  Duchenne  has  described  in 
newly-born  children  under  the  name  of  "  paralysie  obstdtricale 
infantile  du  membre  supdrieur."  This  paralysis  always  occurs 
in  children  whose  birth  had  been  effected  by  turning,  or 
some  other  operative  procedure,  and  it  no  doubt  results  from 
mechanical  compression  applied  during  delivery.  In  thesA  Muies 
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the  arm  hangs  immovable  by  the  side  of  the  body,  is  rotated  in- 
wards, persistently  extended,  and  the  child  is  unable  to  flex  tba 
forearm  or  to  raise  the  arm ;  but  the  movements  of  the  baad* 
and  fingers  are  preserved.  The  deltoid,  brachialis  anticus,  in- 
fraspinatus,  the  teres  minor,  and  probably  the  supinators,  are 
paralysed.  The  reaction  of  degeneration  is  usually  preseot.aiMi 
the  prognosis  is  unfavourable.  A  variety  of  paralysis  has  been 
described  by  Straus,  which  implicates  all  the  muscles  of  ths 
superior  extremity  except  those  innervated  by  the  mediu 
nerve.     The  patient  on  waking  in  the  morning  compUins  «f 
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formicatioa  and  weakness  of  one  of  the  upper  extremities.  The 
weakness  extends  rapidly  until  all  the  muscles  innervated  by 
the  brachial  plexus,  except  those  supplied  by  the  median  nerve, 
are  completely  paralysed.  The  sensory  disturbances  also  increase 
until  there  is  complete  ansesthesia  of  the  cutaneous  surface  of 
the  upper  extremity,  except  the  portions  innervated  by  the 
median  nerve.  The  electric  contractility  of  both  muscles  and 
nerves  remains  unaffected,  and  complete  recovery  takes  place 
at  the  end  of  about  seven  weeks  under  proper  treatment.  Other 
forms  of  paralysis  of  the  forearm  may  be  caused  by  injuries, 
such  as  dislocations,  fractures,  or  compression  of  the  forceps. 

Fig.  81. 
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TreatmeTit  of  the  Paralyses  of  the  Upper  Extremiiy.— 
The  removal  of  the  cause  must  be  attempted,  and  surgiral 
means  are  not  unfrequently  successful.  In  rheumatic  paraijss 
counter-irritants,  diaphoretics,  and  the  iodide  of  potassium  vaaj 
be  tried.  When  neuritis  is  present  antiphlogistics  and  tbe 
application  of  galvanic  currents  are  useful. 

lu  hysterical  and  central  paralysis  the  primary  disease  tDlX 
be  treated.  The  treatment  of  lead  paralysis  will  be  mentioD 
in  a  subsequent  section.  In  chronic  cases  of  traumatic  pan- 
iysis  and  in  paralysis  resulting  from  articular  rheumatism,  or 
from  chronic  neuritis,  improvement  may  be  obtained  by  the 
employment  of  malt  and  mud  baths,  and  the  baths  of  Wildbwi 
Teplitz,  Wiesbaden,  &c.  Electricity  is  useful  in  the  treatment 
of  all  the  forms  of  paralysis.  In  severe  traumatic  paralyaii 
long-continued  and  repeated  applications  of  the  galvanic  c 
are  requisite.  In  slight  paralysis  from  compression  faradisatioB' 
is  tolerably  successful.  The  cervical  portion  of  the  spinal 
may  be  galvanised,  and  it  is  probable  that  galvanisation  of  the 
sympathetic  also  may  be  useful.  Active  and  passive  gynuutftie 
exercises  frequently  aid  and  hasten  the  recovery. 
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DISEASES    OF   THE    DORSAL    NERVES   AND    LUMBAR 

PLEXUS. 

(I.)-DISEASES  OF  THE  DORSAL  NERVEa 

§  296.  Dorao-Intercostal  Neuralgia. 
This  form  of  neuralgia  is  situated  in  the  region  of  distribution 
of  the  sensory  branches  of  the  twelve  pairs  of  dorsal  nerves. 
The  anterior  branches  of  the  uervea  usually  suflfer,  giving  rise  to 
true  intercostal  neuralgia,  in  which  the  skin  of  the  whole  of  the 
anterior  and  lateral  wall  of  the  thorax  and  abdomen  is  affected 
down  to  the  symphisis  pubis.  When  the  posterior  branches  are 
implicated,  the  pain  affects  the  skin  of  the  back  and  loins  as  far 
down  as  the  crista  ilii.  The  second  and  third  intercostal  nerves 
supply  cutaneous  branches  to  the  axilla  and  to  the  inner  surface 
of  the  upper  arm,  and  these  parts  may  occasionally  be  the  seat 
of  neuralgia.  Dorso-intercostal  neuralgia  is  generally  uni- 
lateral, and  the  left  side  is  most  commonly  affected.  The  fifth 
to  the  ninth  nerves  are  those  most  frequently  affected,  and 
generally  only  one  or  two  nerves  are  implicated.  This  form  of 
neuralgia  may  be  combined  with  brachial  and  lumbo-abdomiual 
neuralgia,  or  with  angina  pectoris. 

Etiology. — Women  are  specially  liable  to  dorao-intercostal 
neuralgia.  It  comes  on  usually  between  the  ages  of  twenty 
and  forty,  in  consequence  of  over-suckling,  or  the  exhaustion 
caused  by  menorrhagia  or  leucorrhoja,  and  attacks  weak, 
nervous,  hysterical,  and  anaemic  subjects. 

The  exciting  causes  are  exposure  to  cold,  and  injuries  of  various 
kinds,  while  in  other  cases  the  neuralfna  is  a  symptom  of 
disease  of  the  nerves,  such  as  neuriti>  mata.     Disease 
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in  the  oeighbourbood  of  the  nerves  may  also  give  rise  to  tnt 
costal  neuralgia.  The  most  usual  diseases  with  which  it 
associated  are  aortic  aneurisms,  disease  of  the  vertebrse  or  < 
the  ribs,  pulmonary  phthisis,  and  dilatation  of  the  re 
plexus  in  the  interior  of  the  vertebral  canaL  Diseases  of  the 
spinal  cord,  especially  circumscribed  myelitis,  spinal  meningitii, 
tumours  in  the  vertebral  canal  and  spinal  cord,  and  locomotor 
ataxy,  are  frequently  associated  with  intercostal  neuralgia. 

Symptoms. — The  pain  of  intercostal  neuralgia  is  dull,  tensive, 
and  continuous,  but  it  is  usually  interrupted  by  tearing, 
lancinating,  burning  pains,  which  may  increase  to  a  regaltr 
paroxysm.  All  violent  respiratory  movements,  such  as  sneezing, 
aggravate  the  pain,  so  also  does  slight  pressure  on  the  skiii, 
as  that  of  the  bed  clothes,  but  steady  firm  pressure  ofua 
relieves  it. 
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77m  painful  jwtntt  are  :  (I)  A  verttbral  point  doM  to  the 
column,  where  the  nerve  emerges  from  the  interoostal  formiiMo; 
lattntl  point,  where  the  lateral  perforating  branch  becomes  Babcotaneaa^ 
midway  in  the  intercostal  space  ;  and  (3)  an  anterior  or  gtemal  point,  wfam 
the  anterior  perforating  branch  pierces  the  muscles  close  to  the  stenuD 
and  in  the  abdomen  over  the  rectus  muscle.  The  whole  length  of  lh« 
intercostal  nerves  and  several  of  the  spines  of  the  corres[x>Dding  rcrtatm 
are  frequently  extremely  sensitive  and  tender. 

The  pain  not  unfrequently  radiates  towards  the  back  and 
arm  or  into  the  loins  or  lower  extremities.  Hyperteathtna  cf 
the  afifected  skin  is  common;  and  anoj^theaia,  although  !(■ 
common,  has  been  observed,  usually  liihited  to  a  small  cireuB- 
scribed  area  Motor  phenomena  are  generally  observed  whick 
interfere  to  some  extent  with  respiration. 

With  respect  to  vaso-motor  and  trophic  disturbances,  herpit 
zoster  is  the  best  known,  although  its  relations  to  neuralgia  are 
by  no  means  constant     Herpes  zoster  is  seldom  attended  h]fl 
severe  neuralgia  in  young  persons,  but  in  old  persons  the  neu-^ 
ralgia  generally  precedes  and  outlasts  the  herpes. 

The  course  of  intercostal  neuralgia  is  irregular,  but  it  ii 
osually  obstinate,  and  recovery  is  very  gradual  In  central 
disease  of  the  nervous  system,  recovery  is  slow,  and  the  patieot 
is  liable  to  relapses;  while  in  such  diseases  as  pulmonary 
phthisis  and  disease  of  the  vertebne,  the  neuralgia  genenlly 
terminates  only  with  death. 
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Di<ignosia. — The  diagnosi3  of  dorso-intercostal  neuralgia  is 
surrounded  with  conaiderable  difficulties.  It  is  liable  to  be 
confounded  with  myalgia,  either  pleurodynia  or  lumbago.  The 
seat  of  the  pain  in  certain  muscles,  its  aggravation  on  making 
certain  movements  and  on  pressure,  the  absence  of  painful 
points,  and  the  rapid  recovery  in  the  course  of  a  few  days, 
serve  to  distinguish  pleurodynia  and  lumbago  from  intercostal 
neuralgia.  Diseases  of  the  thoracic  organs  must  be  distinguished 
from  neuralgia  by  physical  examination.  Angina  pectoris  re- 
sembles intercostal  neuralgia  in  some  respects;  but  the  intense 
anxiety  and  feeling  of  impending  death,  along  with  the 
characteristic  radiation  of  the  pain,  should  prevent  the 
diseases  from  being  confounded. 

The  prognosis  will  depend  upon  the  cause  of  the  disease. 

Treatment. — The  general  principles  of  treatment  are  the 
same  as  for  other  forms  of  neuralgia.  Counter-irritation, 
especially  in  the  form  of  flying  blisters,  is  very  valuable  in 
the  treatment  of  this  variety.  They  should  be  applied  in  suc- 
cession over  the  painful  points.  In  slight  cases  the  milder 
cutaneous  irritants  and  anodyne  embrocations  are  useful. 
Subcutaneous  injection  of  morphia  is,  as  usual,  in  neuralgia, 
a  valuable  agent  in  the  treatment. 

Mujitodynia — Neuralgia  of  the  female  breast  forms  a  special 
variety  of  intercostal  neuralgia.  The  skin  over  the  mammae  is 
supplied  by  the  lateral  and  anterior  perforating  branches  of  the 
second  to  the  sixth  intercostals,  and  by  minute  branches  of  the 
supra-clavicular  nerves;  whilst  the  proper  substance  of  the  gland 
is  supplied  by  the  lateral  perforating  branches  of  the  fourth,  fifth, 
and  sixth  intercostala  Neuralgia  of  the  breast  may  appear  in 
those  who  have  a  strong  neurotic  tendency,  along  with  the 
first  development  of  the  breasts  at  puberty,  especially  in  cases 
when  puberty  is  prematurely  developed  in  consequence  of 
self-abuse.  Neuralgic  pain  may  come  on  during  pregnancy, 
although  a  large  proportion  of  the  pains  felt  in  the  mammary 
gland  during  this  period  are  caused  by  mechanical  distension 
of  the  breast.  Neuralgia  frequently  follows  shrinking  of  the 
nipples ;  and  the  irritation  of  cracked  nipples  may  be  the 
exciting  cause  of  attacks  of  the  disease.  Aniemia,  chlorosis,  and 
hysteria  also  take  a  great  part  in  the  production  of  the  disease. 
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Injuries  of  the  gland,  neuromata,  or  painful  tubercles  of 
nerves,  may  also  be  the  starting  points  of  neuralgiA. 
pain  of  "  irritable "  breast  is  very  violent,  and  deacril 
as  tearing,  cutting,  boring,  and  lancinating ;  and  appeals  ia 
paroxysms,  which  are  usually  of  short  duration,  but  may  laat 
several  hours,  The  breast  feels  heavy,  and  the  patient  canoot 
lie  on  the  affected  side;  the  slightest  contact,  even  the  presstut 
of  the  clothes,  is  unbearable. 

Painful  pointi  may  be  found  on  the  nipple  or  on  the  sides  of  tb» 
breast,  but  they  are  iudefiuite ;  and  the  spiooua  processes  of  the  seooart 
to  the  sixth  dorsal  vertebne  are  usually  tender  on  pressure.  Then  ii 
generally  a  great  deal  of  hypencsthesia,  and  the  paroxysms  are  sometUBH 
accompanied  by  vomiting.  The  pain  radiates  into  adjoining  r«gicai, 
and  the  severity  of  the  paroxysms  is  increased  during  the  catameuiil 
period. 

Treatment. — The  general  principles  of  treatment  of  doTWh 
intercostal  neuralgia  are  the  same  as  for  other  forms  of  the 
disease.  Counter- irritation,  especially  in  the  form  of  flyin| 
bli.sters,  is  very  valuable.  In  slighter  cases  the  milder  cutani 
irritants  and  anodyne  embrocations  are  useful  Subcutaneoor 
injection  is,  as  usual,  a  valuable  agent  in  the  treatment 
Electricity  is  very  useful.  The  faradic  current  may  be  used  m 
a  cutaneous  irritant  in  the  form  of  the  brush  or  moxa.  In 
using  the  galvanic  current,  the  cathode  should  be  placed  co 
the  vertebral  column,  and  the  anode  upon  the  lateral  and 
anterior  painful  points;  the  current  should  be  strong 
stabile. 

When  herpes  zoster  is  associated  with  neuralgia,  the  su 
should  be  covered  by  some  indifferent  and  protective  oint 
or  plaster,  to  which  some  narcotic  may  be  added.    Cotton  wo 
also  makes  an  admirable  protective  covering.     Flying  bll 
may  be  applied  to  the  side  of  the  vertebral  column,  as  reooo*^ 
mended  by  Dr.  Anstie ;  but  in  a  case  in  which  a  woman  look 
the  treatment  out  of  my  bands  and  applied  a  large  blister  orer 
the  vesicles,  complete  and  immediate  relief  was  aflbrded. 

The  treatment  of  mastodynia  is  not  very  successful  The 
causes  of  the  disease,  as  ansmia  and  disturbance  of  the  getM* 
rative  organs,  must  be  combated.  A  belladonna  plaster  may  be 
found   useful   along  with    the   usual   remedies,    as   anodynes, 
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electricity,  and  tonics.  Tiie  breast  may  be  enveloped  in  cotton 
wool,  fur,  or  any  other  soft  and  warm  covering.  Removal  of 
painful  indurations  and  amputation  of  the  breast  should  only 
be  undertaken  as  a  last  resort. 

§  297.  Paralysis  of  the  Borsid  Muscles. 

Paretic  and  paralytic  conditions  of  the  extensors  of  the  back 
are  not  uncommon.  In  youth  various  degrees  of  weakness  of 
the  dorsal  muscles  are  often  present,  sometimes  on  one  and 
sometimes  on  both  sides,  giving  rise  to  various  forms  of 
spinal  curvature.  Rheumatic  affections  may  cause  paralysis  of 
one  or  several  of  the  dorsal  muscles,  and  the  same  result  may 
supervene  upon  injuries  of  the  back.  Paralysis  of  the  dorsal 
muscles  is  rare  in  cerebral  disease,  but  is  not  unfrequent  in 
spinal  affections.  Progressive  muscular  atrophy  not  unfre- 
quently  extends  to  the  dorsal  muscles,  and  weakness  of  the 
long  extensors  of  the  back  forms  a  characteristic  feature  of 
pseudo-liypertrophic  paralysis.  Occasionally  weakness  with 
atrophy  of  these  muscles  occurs  in  young  persons  without  any 
obvious  cause. 

The  muscles  principally  affected  are  the  sacro-lumbalis  and 
the  longissimus  dorsi,  with  their  continuations  towards  the  neck 
and  head,  and  the  small  muscles  between  the  several  vertebras. 
We  ought  to  determine  clinically  whether  the  paralysis  has 
its  seat  in  the  lumbar,  dorsal,  or  cervical  portion.  When  the 
extensors  of  the  dorsal  region  on  both  sides  are  paralysed  the 
vertebral  column  forms  a  large  and  equable  curve,  the  patients 
appear  bent  and  doubled  up  as  in  old  age,  and  are  unable  to 
hold  themselves  erect;  but  passive  straightening  of  the  verte- 
bral column  can  be  effected  with  tolerable  facility,  and  this 
distinguishes  paralytic  kyphosis,  as  the  condition  is  called,  from 
kyphosis,  the  result  of  muscular  contracture  or  disease  of  the 
vertebra;.  If  the  paresis  or  paralysis  be  unilateral,  various 
forms  of  paralytic  scoliosis  are  produced. 

Paralysis  of  the  extensors  in  the  htynbar  region  presents 
very  characteristic  features.  The  lumbar  vertebrae  are  curved 
inwards  so  as  to  form  a  remarkable  hollow  in  the  back,  a  hollow 
which  Ls  increased  by  the  upper  part  of  the  body  being  thrown 
backwards  in  order  to  compensate  for  the  incurvation  of  the 
QO 
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lumbar  portion.    A  plumb  line  allowed  to  drop  from  the  most 
prominent  spinous  procesB  of  the  dorsal  vertebne  clears  the 
sacrum  generally  by  one  to  one  and  a  half  inches.     The  further 
peculiarities  of  this  variety  of  paralysis  will  be  described  when  j 
we  come  to  discuss  pseudo-bypertrophic  paralysis.  H 

If  the  posterior  mxisclea  of  Die  neck  are  alone  paralysed,  the 
head  can  no  longer  be  carried  erect,  but  the  patient  can  raise 
it  by  a  peculiar  swinging  movement,  and  he  then  usually 
carries  it  inclined  backwards,  supported  only  by  the  anteiior 
muscles  of  the  neck. 

Paralysis  of  the  abdominal  muselea  is  very  rare  as  an  iso- 
lated affection,  but  is  a  common  symptom  of  spinal  paralysis, 
and  occurs  occasionally  in  progressive  muscular  atropby.  When 
the  paralysis  is  unilateral,  the  umbilicus  is  carried  to  the  sound 
side  with  each  movement  of  forcible  expiration.  When  the 
paralysis  is  bilateral,  there  is  great  weakness  of  expiration,  and 
of  all  expiratory  reflex  acts,  such  as  coughing,  sneezing,  &a 

The  power  of  compressing  the  abdomen  is  impaired,  causing 
difficulty  of  evacuating  the  contents  of  the  rectum  and  bladdet 
The  abdomen  is  large  and  protuberaiit,  and  its  walls  relaxed, 
the  patient  is  unable  to  raise  the  upper  part  of  the  body 
from  the  recumbent  position,  or  to  sit  in  bed  without  being 
propped  up  by  the  hands.  In  walking  or  standing  the  upper 
part  of  the  body  is  bent  slightly  forwards  and  balanced  ex- 
clusirely  by  the  lumbar  muscles;  hence  each  shifting  of  the 
centre  of  gravity  backwards  renders  the  patient  liable  to  (all 
backwards,  because  the  abdominal  muscles  are  incapable  of 
drawing  the  trunk  forwards.  When  paraplegia  is  present  thii 
symptom  cannot  be  determined. 

Treatment. — The  treatment  must  depend  on  the  nature  of 
the  primary  disease,  of  which  the  paralysis  is  but  a  symptom. 
Electrical  treatment  is  of  great  advantage,  and  both  the  gil> 
vanic  and  faradic  currents  may  be  useful. 

When  the  paralysis  is  incomplete,  benefit  is  sometimea 
obtained  by  a  system  of  gymnastics ;  and  in  incurable  cam 
appropriate  orthopaedic  apparatus  may  be  employed  to  repUoe 
the  deficient  muscular  action.  The  employment  of  embro- 
cations, baths,  douches,  liniments,  change  of  air,  and  general 
tonic  treatment  is  productive  of  good  results. 
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:)-DI8EA8E   IN  THE  REGION  OF  DISTRIBUTION  OF  THE 
LUMBAR  NERVES. 


§  298.  Lumbar  Neuralgia. 

This  form  of  neuralgia  includes  all  varietiea  having  their 
seat  in  the  region  of  distribution  of  the  first  four  pairs  of 
lumbar  nerves.  The  following  are  the  regions  supplied  by 
these  nerves: — The  region  of  the  loins,  supplied  by  the  posterior 
branches  of  these  nerves ;  the  gluteal  region,  inguinal  region, 
hypogastriura,  and  mons  veneris,  part  of  the  scrotum  in  the 
male,  and  of  the  labia  majora  in  the  female,  the  anterior 
lateral  and  median  surface  of  the  thigh,  the  anterior  region  of 
the  knee-joint,  the  median  surface  of  the  leg,  and  the  inner 
border  of  the  foot  as  far  as  to  the  great  toe.  It  is  very  rare  for 
the  whole  of  the  branches  of  the  lumbar  plexus  to  be  implicated; 
and,  as  a  rule,  only  one  or  a  few  branches  are  affected.  The 
different  forms  of  the  disease  may  be  divided  into  two  groups; 
the  first  of  which  includes  neuralgia  of  the  "short"  nerves  of 
the  lumbar  plexus,  and  which  from  its  situation  may  be  called 
lumho-ahdominal  neuralgia;  the  second  including  neuralgia 
of  the  "  long  "  nerves  of  the  plexus,  may  be  termed  femoral 

_^  neuralgia. 

H  Etiology. — The  causes  of  this  form  of  neuralgia  are  not  well 
known.  Dr.  Anstie  mentions  a  well-marked  instance  of  the 
disease  which  was  excited  by  sudden  fright  in  a  woman  ex- 
hausted by  leucorrhcea,  and  with  a  decided  neuropathic  history. 
Exposure  to  cold,  injuries,  neuromata,  and  other  tumours,  com- 
pression of  nerves  from  hernisE,  or  from  accumulation  of  faeces, 
cancer  in  the  pelvis  or  the  vertebral  column,  diseases  of  the 
vertebra?,  psoas  abscesses,  diseases  of  the  uterus  and  vagina, 
have  each  been  ascertained  to  have  formed  the  exciting 
cause  of  the  diseasa  Spinal  diseases,  as  meningitis,  myelitis, 
and  tabes  dorsalis,  are  also  causes  of  the  disease ;  and  the 
pain  of  the  knee  in  coxitis  is  a  neuralgia  caused  by  reflex 
irritation. 

Symplovia. — (1)  Lumbo-abdominal  Neuralgia. — There  is 
pain  in  the  loins  extending  over  the  crista  ilii  as  far  as  the 
buttock,  with  pain  in  the   hypogastrium,  mons  veneris,  and 
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The  Painful  Point*  are :  (1)  Verttbral  points,  corresponding  to  the 
poeterior  branches  of  the  respective  nerves  ;  (2)  Iliac  point,  corresponding 
to  the  middle  of  the  crista  ilii ;  (3)  Abdominal  pointt  above  the  symphysis 
pubis  at  the  side  of  the  linea  alba;  (4)  An  inguinal  point  in  the  groin, 
near  the  exit  of  the  spermatic  cord,  from  whence  the  pain  radiates 
along  the  latter  ;  (5)  A  scrotal  or  labial  point  situated  in  the  scrotum  or 
labium  majus.  The  pain  frequently  radiates  into  neighbouring  nerve 
territories,  and  especially  into  those  supplied  by  the  crural  and  intercostal 
nerves ;  and  it  is  probable  that  the  sympathetic  plexuses  of  the  pelvic 
organs  are  often  implicated.  Spasm  of  the  cremaster,  vomiting,  herpes, 
increased  sexual  desire,  with  priapism  and  ejaculation  of  seminal  fluid, 
may  be  mentioned  aa  the  most  usual  of  the  concomitant  symptoma  of 
this  variety  of  neuralgia. 

(2)  Femoral  Neuralgia  may  be  subdivided  into  three 
varieties :  (a)  Neuralgia  of  the  lateral  cutaneous  nerve  of  the 
thigh ;  (6)  crural ;  and  (c)  obturator  neuralgia. 

(a)  Neuralgia  of  the  Lateral  Cutaneous  Nerve  of  tJie  Thigh. 
The  pain  extends  down  along  the  outer  and  part  of  the 
posterior  aspect  of  the  thigh  as  far  as  the  knee.    A  constant 


OC,  Genito-cniral  nerve. 

G,  Geoital  branch  to  nxmutic  cord  or  ronnd  ligament. 

2,  Mnxcular  brancn  to  cremMtvr. 
C,  Crural  branch,  cutaneous  to  surface  of  upper  part  of  front  of  thit;h. 
EC,  Extem»l  cutaneous. 

P,  Posterior  branch  cataneoaa  to  n|>iwr  and  outer  part  of  thigh. 
A,  Anterior  branch  cutaneous  to  frunt  of  thigh. 
p».  Muscular  branches  to  psoas  muscle. 
I  AC,  Anterior  crural  nerve. 

3,  Muscular  branches  to  iliocun. 
3f,  ,,  ,,  sartnriua. 
8",         ,,              „  pectineua. 
fa.  Branch  to  femoral  artery. 
MC,  Middle  cutaneous  to  front  of  thigh. 
IC,  Internal  cutaneous  to  inner  part  of  thigh  and  leg. 
L3,  Internal  or  long  saphenous. 

a.  Cutaneous  over  inner  ankle. 
/,  ,,  to  inner  side  of  foot. 

4.  Muscular  branch  to  rectus  femoris. 
4'.         „  „  vastus  extemuL 
4*,         ,,            „  crureus. 
4"",        ,,            „            subcrureus. 
4",       ,,            ,,            vaatiu  intemus. 
Kj,  Branch  to  knee-joint. 

O,  Obturator  nerve. 

hi,  Branch  to  hip-joint. 

c,  Commnnicating  with  branches  of  internal  cutaneoui  and  internal 

saphenous. 
6,  Muscular  branch  to  pectinens. 


obturator  extemns. 
6,  i,  „  adductor  longus. 

6",         „  „  gracUU. 

6 .        ,,  „  adductor  brevis. 

6'"  6"*  „  „  adductor  magnui. 

Kj',  Branch  to  knee-joint. 
Xj,  CommonicatiDg  branch  to  fifth  lumbar  nerve. 
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painful  spot  is  present  over  the  anterior  superior  spinous  procen 
of  tbe  ilium,  where  the  nerve  emerges  from  the  pelvis,  and  len 
constant  spots  may  be  present  along  tbe  outer  side  of  the  thigh. 

(b)  Clival  Neuralgia. — The  middle  and  inner  part  of  the 
anterior  surface  of  the  thigh,  the  anterior  surface  of  the  knee, 
the  inner  surface  of  the  leg,  and  of  the  foot  as  far  as  to  the 
great  toe  are  affected. 

The  painful  (xjiats  associated  with  this  variety  are  :  (I)  One  in  tbe  fold 
of  tbe  groin  when  tbe  nerve  emerges  from  the  pelvis  ;  {%)  tbe  inner  iidi 
of  the  kuee-cap  when  tbe  saphenous  nerve  appean  beneath  the  ikio ; 
(3)  in  front  of  the  ankle-joint  ;  (4)  at  tbe  base  of  tbe  great  to(<. 

Amongst  the  concomitant  symptoms  may  be  mentioned 
hyperesthesia  of  the  skin,  especially  in  the  vicinity  of  tbe 
knee-joint,  anaesthesia  of  part  of  the  surface  is  not  unfrequentt 
and  a  feeling  of  numbness  or  formication  in  the  region  of  dii 
tribution  of  the  saphenous  nerve.  There  may  be  also  weakm 
and  paresis  of  the  muscles  of  the  thigh,  and  the  patient  oont- 
plains  of  weariness. 

(c)  Obturator  Newralgia. — The  pain  in  this  variety  is  con- 
fined to  the  inner  side  of  the  thigh,  extending  as  far  as  the 
knee-joint.  Formication  on  the  inner  surface  of  the  thigh,  and 
a  feeling  of  stiffness  and  immobility  of  the  adductors,  an 
usually  present.  This  form  of  neuralgia  is  associated  with 
obturator  hernia;  and  Romberg  has  pointed  out  that  when 
obturator  neuralgia  is  present  along  with  symptoms  of  strangu- 
lated intestines,  obturator  hernia  may  safely  be  inferred. 

The  course  of  all  the  varieties  of  femoral  neuralgia  is,  as  a 
rule,  favourable,  and  its  duration  short,  except  in  cases  amo- 
ciated  with  grave  organic  disease. 

The  diagnosis  is  not  unattended  with  difficulty.    It  may  be, 
confounded  with  myalgia,  especially  with  lumbago.    In  the  laf 
disease  the  pain  is  usually  circumscribed,  and  does  not  radial 
in  various  directions ;  it  is  generally  aggravated  by  stretchioj 
the  body  or  raising  a  weight,  and  disappears  when  rest  in 
recumbent  posture  is  maintained.    The  pain  of  renal  caleuU 
often  cannot  be  distinguished  from  neuralgia,  and  the  diagnosis 
from  hip  and  knee-joint  diseases  requires  care  and  circumjtpectioa 

Treatment. — The  treatment  of  this  form  of  neuralgia  pre- 
sents nothing  special     Flying  blisters,  injection  of  morphia 
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of  atropine,  and  electricity,  appear  to  give  the  best  results,  A 
desceadiug  stabile  current  may  be  made  to  pass  from  the  lumbar 
region  of  the  vertebral  cohimD  through  the  affected  nerve. 


I  §  299.  Newrcdgia  Pudendo-Hcemorrhoidalia,  arid  Neuralgia, 
of  the  Extei-Tial  Generative  Organs  generally. 

The  external  generative  organs  and  neighbouring  parts  are 
\  supplied  by  the  following  sensory  nerves.  The  external  organs 
of  generation  receive  their  chief  nervous  supply  from  the 
sacral  plexus  by  means  of  the  dorsal  and  superficial  peiinajal 
branches  of  the  internal  pudic  nerve,  and  the  inferior  or  long 
pudendal  branch  of  the  small  sciatic  nerve ;  the  integiiment  in 
the  region  of  the  anus  is  supplied  by  the  inferior  hajmorrboidal 
'  branches  of  the  pudic  nerve,  and  by  branches  from  the  fourth 
and  fifth  sacral  nerves.  The  lumbar  plexus,  however,  con- 
tributes to  the  nervous  supply  of  these  organs,  inasmuch  as 
the  supra-pubic  region,  and  the  upper  part  of  the  scrotum 
or  labium  pudendi,  receive  branches  from  the  ilio-hypogastric 
and  ilio-inguinal  nerves.  The  spermatic  cord  and  cremaster  or 
round  ligament  is  supplied  by  the  genital  branch  of  the 
genito-crural  nerve.  Sympathetic  filaments  from  the  hypo- 
gastric plexus  pass  to  the  penis  and  prostate  gland  ;  while  the 
testicle  receives  branches  both  from  the  hypogastric  and  sper- 
matic plexuses.  The  vagina  receives  branches  from  the  hypo- 
gastric plexus,  and  is  also  supplied  by  the  fourth  sacral  and 
pudic  nerves. 

The  external  genitals  may  participate  in  neuralgia  affecting 
various  nerve  regions,  but  isolated  neuralgia  of  the  genitals 
is  sometimes  met  with.  In  the  latter  kind  of  cases  several 
nerve  regions  are  usually  affected,  so  that  it  is  diiBcult  to 
determine  the  particular  nerves  implicated.  The  following 
varieties  are  met  with  : — 

I  (1)  Neuralgia  of  the  Penia  and  Mona  Veneris. — The  pain 
has  its  seat  in  the  glans,  and  extends  to  the  root  of  the  organ. 
The  pain  is  increased  by  sexual  intercourse,  passing  water, 
and  may  be  accompanied  by  priapism  and  frequent  ejacula- 
tions. The  pain  is  violent,  lancinating,  and  burning,  and  may 
be  unilateral  or  bilateral. 
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(2)  Neuralgia  Scrotalis  (et  lahiaZia)  is  a  common  symptom 
of  lumbo-abdoininal  neuralgia.  The  scrotum  or  labium  majai 
is  often  very  tender  to  tbe  touch. 

(3)  Neurahjia  Urelhralie  is  characterised  by  pain  in  the 
urethra  during  micturition,  and  increased  desire  to  urinate.  It 
is  sometimes  an  early  symptom  of  tabes  dorsalis,  but  may  arise 
from  exposure  to  cold,  or  from  morbid  conditions  of  the  urine. 

(4)  Neuralgia  Spermatica  is  characterised  by  violent  inter- 
mitting pain  in  the  testis  and  epididymis,  which  radiates  along 
the  spermatic  cord  and  down  the  thigh.  In  what  has  been 
described  by  Sir  Astley  Cooper  as  "  irritable  testis "  the  parts 
become  extremely  sensitive  to  pressure,  and  are  liable  to 
periodic  enlargement  Tbe  attack  is  frequently  accompanied 
by  vomiting  and  general  malaise.  The  affection  chiefly  occurs 
in  young  people,  and  is  usually  unilateral.  Some  regard  thii 
form  of  the  disease  as  a  variety  of  lumbo-abdominal  neuralgia, 
but  the  opinion  is  now  gaining  ground  that  it  is  the  sympathetic 
nerves  which  are  chiefly  implicated. 

(5)  Neuralgia  Ano-veaioalia  consists  of  morbid  BensatioE 
the  region  of  the  coccyx,  associated  with  byi>era;sthe8ia  orj 
tbesia  of  the  skin  of  the  perinseal  region,  spasm  of  the  sphincter 
ani  and  of  the  muscles  of  tbe  urethra  and  bladder,  and  difficulty 
of  micturition.  It  occurs  in  patients  suffering  from  tabe* 
dorsalis,  and  may  be  caused  by  onanism  and  excessive  sexual 
indulgence. 

Treatment. — The  milder  forms  usually  yield  to  the  ordinary 
treatment  for  neuralgia,  whilst  tbe  severer  forms  prove  most 
intractable  to  all  kinds  of  treatment.  Narcotics,  in  the  form  of 
subcutaneous  injection,  and  suppositories  are  useful  and  often 
necessary  parts  of  the  treatment,  Specifics,  such  ax  arsenic, 
quinine,  and  oil  of  turpentine,  often  do  good.  Electric  treatment 
has  not  yet  been  sutKciently  tried,  but  the  constant  current 
should  undoubtedly  form  part  of  the  treatment.  In  spermatic 
neuralgia  operative  proceedings  and  even  castration  have  been 
had  recourse  to. 

§  300.  Spasm  in  the  Region  supplied  hy  tjie  Lumbar  and 

Sacral  Nerves. 
(I)  Spastic  contracture  of  the  hip  was  first  described  by 
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Stromeyer.  It  consists  of  a  tonic  spasm  of  the  psoas  and 
iliacus,  of  the  quadratus  lumborum,  and  occasionally  of  one 
or  two  of  the  muscles  of  the  front  of  the  thigh.  The 
extremity  is  bent  at  the  hip-joint,  the  tendon  and  muscular 
belly  of  the  ilio-psoas  rauscle  p.^^  ^ 

project  strongly,  the  pelvis 
appears  to  be  raised  on  the 
aflFected  side,  the  limb  is  short- 
ened, and  in  walking  the 
patient  inclines  to  that  side. 
Any  attempt  to  extend  the 
limb  causes  acute  pain  in  the 
tense  muscles,  and  also  in  the 
knee.  This  affection  is  usually 
H  caused  directly  by  disease  of 
the  lumbar  vertebrae  with 
psoas  abscess,  and  in  a  reflex 
manner  by  disease  of  the  hip- 
joint 

(2)  Sp&Bm  of  the  quadricepa 

extensor  femoria  is  rare.  Tonic 

spasm  of  this  muscle  gives  rise 

to  rigid  extension  of  the  leg  on 
—^  the  thigh,  such  as  is  observed 
^  in  tetany  and  in  neuralgia  of 

the  knee-joint.  Clonic  con- 
vulsion   of    the  muscle    was 

observed     by    Erb    whenever 

the    patella   was   touched    in 

a    case    of    articular    byper- 

aestbesia. 


I  (3)  Contracture  of  the  ad- 
dxjLctora  of  both  thighs  has 
been  observed  by  Reitter 
caused  probably  by  rheumatic 
inflammation  of  both  hip- 
joints.  It  also  occurs  as  a 
symptom  of  tetany. 


L. 


Fio.    83.         Afunda   of    the   Anterior 
Femoral  Rtgion  (after  Heath). 

1,  Crest  of  the  iliam. 

2,  Its  anteriorauperioripinoiuproceu. 

3,  Gluteua  meiiiua. 

4,  Teniior  vagioic  femoria ;   iti  icser- 

tiiin  into  the  fucia  lata  ii  shown 
inferiorly. 

5,  SartoriuB. 

6,  Rectus  femoris. 

7,  Vastus  eiternin. 
H,  Vastus  iuternu*. 
9,  Patella. 

10,  Iliacus  internns. 

11 ,  Psoas  magnus 

12,  Pectinens. 

13,  Adductor  Inngus. 

14,  Part  of  the  adductor  mtgnus. 

15,  Gracilis, 
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§  301.  Paralysis  of  tJie  Muaclea  aupplUd  by  live  Lumbar  on<f 
Bacral  Nerves. 

(1)  Paralysis  in  the  Region  of  Distribuiion  of  tfi£  Cniral 
Nerve. — The  crural  nerve  supplies  the  iliacus,  the  quadricept 
extensor  femoris,  the  sartorius,  and,  in  part,  the  pectineus. 

Paralysis  of  this  nerve  arises  from  injuries  of  the  vertebnl 
column  and  pelvis,  from  tumours,  and  extravasations  of  blood 
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Fio.  84.    Detp  iltucla  of  the  OtuUal 
Regiin  (kfter  HoMh.) 

1,  nium. 

2,  Sacrum. 

8,  Posterior  sacro-iliac  li^MnenU. 
4,  Tuberosity  of  the  ucbium. 
6,  Ore*t  aacro-scutic  ligament. 

6,  Lessor  sacro-sdatic  Iiftameiit. 

7,  Trochanter  major. 

8,  Gluteus  minimus. 

9,  Pyriformis. 

10,  Gemelltu  superior. 

11,  Obturator  intemus,  passinir  out  of 

the  lesser  sacru-sciatio  foramen. 
13,  OemeUns  inferior. 

13,  Quadratos  femoria. 

14,  Adductor  magnua. 

15,  Vastus  extemus. 

16,  Biceps. 

17,  Gracilis. 

18,  Semi-tendlnosuB. 

The  tendon  of  the  obtnrator  eirter- 
DUs  should  appear  between  the  gemellus 
inferior  and  the  quadiatos  femoria. 


in  the  cauda  equina ;  but  it  it 
rare  as  an  isolated   affeptioD. 
It  may  succeed  inflammation 
of  the    knee-joint,    and   oIm 
occurs  in  consequence  of  psou 
abscess,   in   which    case   it  is  A 
preceded  by  symptoms  of  irri-  " 
tation.    It  may  be  caused  by 
fractures    of   the    thigh    and 
dislocation    of   the    bip-joiot,^ 
wounds  and  various  other  in-  V 
juries  of  the  lower  abdominal 
and   crural    regions,   neuritia, 
and    by    pelvic    and    crural 
tumours ;     it  is    a     frequent 
symptom  of  all  forms  of  spinal 
paralysis,  and   more  rarely  of  j 
cerebral  paralysis. 

Symptoms. — The  patient 
unable  to  flex  the  leg  at  thfl 
Lip-joint,  or  to  raise  the  bod] 
from  the  recumbent  position 
and   the    muscles    are    often' 
atrophied.     He  cannot  extend 
the  leg,  and  when  sitting,  can- 
not  move    the   leg   forwards. 
Standing  and  sitting  upright 
are    rendered    insecure ;   and 
walking,   jumping,   and    run- 
ning are  rendered  diflicult  oc. 
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impossible,  and   the  difficulty  is  much  increased  when  both 
crural  nerves  are  affected. 

Disturbances  of  sensibility  are  frequently  observed,  which 
extend  over  the  lower  two-thirds  of  the  thigh,  the  region  of  the 
knee,  and  the  inner  side  of  the  leg  and  foot. 

(2)  Paralysis  in  the  Region 


I 


of  Didtribution  of  t1i£  Obtu- 
rator Nerve. —  The  obturator 
nerve  supplies  the  adductors 
of  the  thigh,  the  gracilis,  the 
obturator  extemus,  and,  in 
part,  the  pectineus.  Paralysis 
of  this  nerve  is  rarer  than 
crural  paralysis,  but  it  is  fre- 
quently associated  with  the 
latter.  Strangulated  obtura- 
tor hernia,  and  pressure  of  the 
head  of  the  child  or  of  ob- 
stetric instruments  in  difficult 
deliveries,  may  cause  paralysis 
of  the  obturator  nerve. 

Si/mptoma. — The  patient  is 
incapable  of  adducting  the 
thigh,  of  pressing  the  knees 
together,  or  of  crossing  one 
leg  over  the  other.  Rotation 
of  the  thigh  outwards  is  ren- 
dered difficult,  and  the  aflfected 
leg  soon  tires  in  walking. 
Some  disturbances  of  sensi- 
bility, extending  down  the 
inner  side  of  the  thigh  as  low 
as  the  knee,  are  perceptible. 

B  (3)  Paralysis  of  the  MuscUa 
awpflied  by  the  Gluteal  Nerves. 
The  gluteal  nerves  supply  the 

■   tensor  fasciss  and  the  gluteus 

I   minimus  and  medius. 


Fio.  85. 


FlQ.  86.  MutcUi  of  the  Poiterior  Femoral 
and  aiulaU  Btgion  (after  Heath). 

1,  Gluteus  mcdius. 

2,  Glutvua  maxiiniu. 

3,  Yaatiu  externus  covered  in  by  faaoia 

lata. 

4,  Long  head  of  bicep«. 

5,  Short  head  of  bleep*. 

6,  Semi-tenilinoaaa. 

7,  Semi-membnuiosiu. 

8,  Gracilis. 

9,  Fart  of   the  inner  border  of    the 

adductor  magnus. 

10,  Edge  of  lartorins. 

11,  FopUteal  apace. 

12,  UastrocnemiuB ;  its  two  headi. 
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This  form  of  paralysis  is  rare,  occurring  generally  as  a 
symptom  of  paralysis  due  to  tumours  and  lesions  of  the  cauda 
equina,  to  fractures  of  the  sacrum  and  pelvis,  and  to  spinal 
disease.  The  most  prominent  characters  of  pseudo- hypertrophic 
paralysis,  and  sometimes  of  progressive  muscular  atrophy,  are 
not  unfrequently  due  to  paralysis  and  atrophy  of  the  gluteal 
muscles. 

Symptoms. — Rotation  of  the  leg  both  inwards  and  outwardi 
is  interfered  with,  and  the  power  of  abduction  is  impaired. 
Some  uncertainty  is  felt  in  standing,  the  patient  experiences 
great  difficulty  in  ascending  stairs,  and  when  the  body  is  in- 
clined forwards,  it  is  difficult  to  raise  it  to  the  erect  posture. 
The  characteristic  rotation  of  the  pelvis  (§  30),  produced  by  the 
contraction  of  the  gluteus  medius  during  locomotion,  is  not 
effected,  and  the  muscle  is  not  felt  rigid  on  the  side  of  the 
active  leg,  as  in  health,  when  the  hand  is  laid  over  the  pelvis 
above  the  trochanter.  Atrophy  of  the  muscles  is  common,  but 
disturbances  of  sensibility  are  only  present,  when  other  nerves 
are  coincidently  affected. 

Treatment. — The  treatment  of  the  various  forms  of  spurn 
and  paralysis  in  the  region  of  distribution  of  the  lumbar  nerves 
must  be  conducted  on  general  principles,  and  does  not  require 
to  be  described  in  detail. 


I 


509 


CHAPTER   nil. 


DISEASES    OF   THE   SACRAL   AND   COCCYGEAL   NERVES. 
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§  302.  Neuralgia  in  the  Region  of  the  Sacral  Plexus. 

General  Characlera  of  the  Disease. — Neuralgia  affecting  the 
sensory  branches  of  the  sacral  plexus  may  be  divided  into  two 
groups.  The  first  group  contains  those  neuralgias  which  occur 
in  the  neighbourhood  of  the  amis,  perinceum,  and  external 
generative  organs;  and  the  second  group  contains  the  neural- 
gias affecting  the  small  and  great  sciatic  nerves,  the  latter 
being  by  far  the  more  important  of  the  two. 

(1)  Neuralgia  lachiadica  (Sciatica).— ScinUca,  may  affect  the 
greater  portion  of  the  posterior  surface  of  the  thigh  and  a  part 
of  the  buttock,  the  knee-cap  and  knee-joint,  the  posterior, 
anterior,  and  lateral  surface  of  the  leg,  and  the  whole  foot, 
with  the  exception  of  its  internal  border. 

Etiology. — Most  cases  of  sciatica  are  caused  by  various  in- 
juries, and  hereditary  predisposition  does  not  appear  to  exert 
80  great  an  inttuence  in  their  production  as  in  other  varieties  of 
neuralgia.  The  largest  number  of  cases  occur  between  40  and 
60  years  of  age,  or  during  the  time  of  commencing  bodily  de- 
generation. After  the  age  of  30  years  the  number  of  males 
affected  greatly  exceeds  that  of  females. 

The  exciting  causes  are  more  potent  in  the  production  of  the 
disease  than  the  predisposing.  Of  these  exposure  to  cold  is 
probably  the  most  frequent.  Injuries  to  the  nerve  also 
commonly  cause  sciatica.  Gunshot  injuries  sometimes  occasion 
the  severest  and  most  intractable  forms  of  sciatica,  and  falls 
on  the  buttock,  prolonged  and  difficult  labour  especially  when 
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SS,  Small  sciatic  nervr. 

12,  Miuctilar  branch  to  gloteni  maximus. 

I  G,  loferior  gluteal  nerve  (cntaneuan).  [external  labinm. 

I  P,  Inferior  pudendal  nerve,  cutaneous  to  perineum  and  scrotom,  or 
C",  Cutaneous  branch  to  back  of  thigh  and  upper  part  of  leg, 
P,  Pndic 

dp,  Donalis  penis  sen  ditoridia. 

13.  Muscular  branch  to  transversus  periniei. 
19^,         „  ,,  erector  penis. 
13",        ,,            „             compressor  urethne. 


13" 


.,! 


13'"',  Branch  to  the  bulb, 
I,  Anterior  superficial 
',  Posterior  superficial  perinieal 


accelerator  nrinie. 


a*p.  Anterior  superficial  perinieal     1  to  perineenm  and  BCrotnm, 
nn>.  Posterior  superficial  perinieal    )         or  external  labium. 
1  H,  Inferior  bicmorThoidal. 


rVS,  Fourth  sacral  nerve. 

14,  Muscular  branch  to  levator  aol  _ 
14',         „  „  sphincter  anL 

14",        „  „  ooccygeus. 

GS,  Great  sciatic  nerve. 

hj,  Uranch  to  hip- joint. 
4.  Muscular  branches  to  semi-tendinomu. 
4,  ,,  „  semi-membranosus. 

6.  „  „  adductor  magniu. 

o,  „  ,1  biceps. 

IP,  Internal  popliteal. 

6,  Muscular  branch  to  gaatrocnemios  (inner  head). 


6' 


(onter  head). 


,  ,,        popliteua. 

6%  „  ,,         Boleus. 

PT,  Posterior  tibial  nerve. 

7,  Muscular  branch  to  tibialis  posticus. 

7'.         „  „  flexor  longus  digitorum, 

7' ,        „  „  Sexor  lungus  pollicis. 

PC,  Plantar  mtaneous. 

Int.  P,  Interoiil  plantar  nerve. 

8,  Muscular  braoch  to  abductor  poUicis. 

8,  „  „         flexor  brevis  pollicis. 
8',        ,,  ,,  first  lumbricalis. 

8" ,      „  „         second  lumbricalis. 

8  X ,     „  ,,         flexor  brevis  digitonim. 

(I  to  ti.  Digital  branches. 
Ext.  P,  External  j)Iontar. 

ti  and  (5,  Distal  branch  to  fifth  and  outer  half  of  fourth  toe. 
10',  Muscular  branch  to  flexor-accessorius  muscle. 
10",       „  ,1         abductor  minimi  digiti. 

9,  „  „  flexor  minimi  di^ti. 
9',           „                ,,  fourth  lumbricalu. 

DB,  Deep  branch  of  external  plantar  nrrve. 


9", 

p3.  p2,  pi, 

rf4,  (O,  <C,  <il, 
10. 


tramiverRalis  i>edis. 

third  lumbricalis. 
I  third,  second,  and  first  plantar  interos- 
(      sei  muscles, 

]  fourth,  third,  second,  and  first  doml 
(     interossei  muscles. 

adductor  pollicis. 


ES,  External  or  short  saphenous  to  outer  side  of  foot. 
EP,  External  Popliteal. 

CP,  C'omrouiiicans  peroneL 

C,  Cutaneous  to  onter  aide  of  leg. 

MC,  Musculo-cutaneous  nerve. 

11,  Muscular  branch  to  peronens  longiis. 

11,        „  ,,  peroneus  brevis. 

AT,  Anterior  tibial  nerve. 

11",  Muscular  branch  to  tibialis  anticus. 

11'",       ,  „  exteuHor  lonRUs  digitomm. 

11'" ,     „  „  extensor  Iniigus  pnlHcis. 

11 X ,     ,,  „  extensor  brevis  digitorum. 

Ki,       „  „  knee-joint. 

at.  Articular  branch  to  tarsus. 
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Fio.  87, 


the  forceps  is  used,  and  fractures  may  be  mentioned  as 

of  the  disease. 

Dr.  Anstie  regarded  violent  exertion  of  the  lower  extremitiea 

aa  a  frequent  cause  of  sciatica, 
especially  at  the  period  of 
commencing  bodily  degenera- 
tion. Mechanical  pressure 
caused  by  sitting  on  hard 
seats,  or  by  accumulation  of 
faeces  in  the  sigmoid  dexure^ 
enlargements  and  displace- 
ments of  the  uterus,  pregnancy,! 
and  every  kind  of  tumour 
which  presses  upon  the  pelvic 
organs  may  induce  severe 
sciatica.  Ha-morrhoids,  and 
conditions  inducing  congettion 
of  the  various  plexuses  tl 
the  pelvis,  such  as  obstruction 
of  the  portal  circulation  and 
habitual  constipation,  are  not 
unfrequent  exciting  caoscfl  of 
sciatica. 

Anatomical  Changet.— 
Various  changes  have  be«o 
found  in  the  nerve  itself  in 
cases  of  intractable  neuralgia. 
Thechangesmost  commonly  de- 
scribed are  congestion,  cedoms, 
neuritis,  exudation,  deposit  of 
tubercle,  and  ossification  of  tlie 
neurilemma,  tumours,  aod 
neuromata. 

Diseases  of  the  vertebrs  and 
of  the  spinal  cord,  aa  spinal 
meningitis,  myelitis,  and  loco- 
motor ataxy,  may  caose  sciatica, 
and  it  may  follow  typhoid 
fever,  or  result  from  sjrphiiis. 


1 


Fio.  87.  SKond  Stugt  of  Dittntion  o/ 
Sott  of  Foot  (from  UirMbfeld  kud 
LeveilM). 

1,  lateriukl  uinnlar  ligami*Dt. 

8,  Flexor  breris  digitorum  (cul). 

3,  External  plantar  nrrvo. 

4,  External  plantar  arterj. 

5,  Interoal  plantar  nerve. 

6,  Abductor  minimi  digiti. 

7,  Internal  plantar  artery. 

8,  Acceaaonua  miincle. 

9,  Abductor  pollicia. 

10,  Flexor  longiu  digitnmm. 

11,  Flexor  longiia  ptiilicia. 

13,  Flexor  brevis  minimi  digitu 

13,  Digital  branche*  of  internal  plantar 

nerve. 

14,  Digital  brancbe*  of  external  plantar 

nerve. 

15,  Flexor  brevia  pollicis. 

16,  Une  of  the  liimbrioalei. 
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Sipnptoma. — An  attack  of  sciatica  is  generally  preceded  by 
'  premonitory  symptoms,  such  as  a  sensation  of  fluid  trickling 
over  the  skin,  or  a  feeling  of  cold  or  heat,  formication,  and  a 
sense  of  stiftnesa  and  dragging.  After  a  time  the  symptoms  of 
true  neuralgia  make  their  appearance.  Lightning-like  pains 
are  felt,  gradually  increasing  in  intensity,  and  leading  to  a 
violent  paroxysm.  The  pain  proceeds  from  one  or  more  fixed 
points,  and  usually  radiates  in  a  descending  direction,  but  it 
occasionally  radiates  in  an  ascending,  and  sometimes  in  several 
directions.  It  is  generally  seated  ia  the  skin,  but  may  be  felt 
in  and  between  the  muscles,  or  even  in  the  bonea  There  is 
generally  an  exacerbation  of  the  pain  at  night ;  but  it  does  not 
completely  disappear  during  the  day,  and  then  there  is  a  sense 
of  tension  and  uneasiness  in  the  affected  limb.  Occasionally, 
however,  the  pain  is  easier  at  night,  and  worse  during  the  day. 

Every  movement  of  the  limb  generally  augments  the  pain, 
and  such  trifling  actions  as  are  involved  in  turning  in  bed, 
coughing,  sneezing,  and  straining  at  stool,  or  even  simple  contact 
of  the  bed-clothes,  may  bring  on  a  paroxysm ;  hence  the  limb 
is  maintained  in  a  fixed  position,  with  all  the  joints  slightly 
bent.  Patients  are,  however,  occasionally  met  with  who  find 
relief  in  walking  about,  and  who  cannot  remain  in  bed. 

The  area  in  which  the  pain  is  felt  varies  considerably  in 
different  cases.  The  pain  is  most  commonly  felt  in  the  pos- 
terior surface  of  the  thigh,  commencing  in  the  neighlwurhood 
of  the  sciatic  foramen,  and  extending  to  the  popliteal  space  and 
calf  of  the  leg.  The  next  part  which  is  most  frequently  affected 
lis  the  region  of  distribution  of  the  peronseus  nerve,  namely,  the 
anterior  and  external  surface  of  the  leg,  and  dorsum  of  the  foot 
The  region  of  distribution  of  the  tibial  nerve  is  more  rarely 
affected,  (hough  cases  have  been  observed  where  the  pain  was 
confined  to  the  sole  of  the  foot  (neuradgia  plantaris).  One 
variety  of  the  latter  is  so  important  &a  to  deserve  separate  de- 
scription. 

Sometimes  the  whole  area  of  distribution  of  the  nerve  is 
affected,  and  the  violence  of  the  pain  may  shift  from  one  area 
to  another.  Violent  pains  in  the  sacrum  and  loins  are  usually 
felt  along  with  sciatica,  from  implication  of  the  posterior 
.branches  of  the  sacral  nerves. 
HH 
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Painpd  point*  are  rarely  aboent,  although  it  is  somewhat  difBcolt  to 
detect  them  in  some  cases.  The  places  which  are  apt  to  be  specially 
tender  are  :  (1)  A  series  of  points  representing  the  cutaneous  emergence 
of  the  posterior  branches,  reaching  from  the  lower  end  of  the  sacnim 
up  to  the  crista  ilii ;  (2)  A  point  opposite  the  emergence  of  the  great 
and  small  sciatic  ner%'es  from  the  pelvis  ;  (3)  A  point  opposite  the  cuta- 
neous emergence  of  the  ascending  branches  of  the  small  sciatic,  which 
run  up  towards  the  crista  ilii ;  (4)  Several  points  at  the  posterior 
of  the  thigh  corresponding  to  the  emergence  of  the  cutaneous  nerves 
(5)  A  fibular  point  at  the  head  of  the  fibula  corresponding  to  the  diriiiaa' 
of  the  external  popliteal  ;  (6)  An  txltrnal  malleolar  point  behind  the 
ankle  ;  (7)  An  internal  malleolar  point.  The  aaoral  plexus  iteelf  can  be 
reached  by  examination  per  anum  or  per  vaffinum,  and  is  freq 
found  painful  on  pressure. 

The  pain  of  sciatica  may  radiate  to  other  nerve  territoi 
It  may  shoot  into  the  lumbar  nerves  and  their  branches,  io 
the  sciatic  nerve  of  the  opposite  side,  or  into  more  rei 
nerve  regions.     Partial  aniusthesia  of  portions  of  the  skin  of  tb 
aSected  extremity  is  frequently  observed,  and  hyperaisth 
circumscribed  areas  is  not  uncommon. 

Motor  disturbances  are  more  frequent  in  sciatica  than  in 
other  form  of  neuralgia.  Complete  paralysis  is  rare,  but  in 
large  proportion  of  cases  of  long  standing  there  is  a  considi 
able  diminution  of  motor  power,  and  consequently  the  gait 
limping.  The  limp  may  occasionally  be  caused  by  the  restricti 
of  the  movements  of  the  leg  on  account  of  the  pain,  but  as 
rule  it  is  the  result  of  a  paretic  condition  of  the  muscles. 

Convulsive  movements  of  the  legs  are  met  with  in  a  ooi 
siderable  proportion  of  cases.  Cramps  of  particular  muscl 
may  occur,  consisting  sometimes  of  slight  fibrillary  contraciioi 
and  at  other  times  of  strong  convulsions.  The  cramps  generail 
supervene  at  night  when  the  patient  is  falling  asleep. 

The  most  usual  vaso-motor  and   trophic  disturbances  are 
pallor  and  coldness,  or  redness  and  beat  of  the  surface,  increased 
secretion  of  sweat,  atrophy,  or  occasionally  hypertrophy  of 
of  the  muscles.     In  a  case  of  sciatica  which  I  saw  recently, 
consultation  with  my  friend  Mr.  Stocks,  the  relative  coldness 
the  affected  limb  was  very  well  marked. 

The  sleeplessness  caused  by  the  constant  pain  may  impair 
the  appetite  and  lead  to  exhaustion,  but  sciatica  of  itself  is 
never  fatal. 
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Fio.  88  (ftfter  Flower).    Cutaneoiu  Ntnt*  of  the  Lower  Extremity.      Anterior 
View  of  Lower  Extremity. 
Lumbar  Plexus. 

lU,  Ilio-hypoKBstric  nerre. 
II,  Ilio-inguinal. 
Illi,  Second  liunbar  nerve. 
GC,  Genito-cmral. 
EC,  External  cutaneoni. 
MC,  Middle  ontaneona. 
IC,  Internal  cutaneoni. 
IS,  Internal  saphenoat. 
PP.  Plexus  patelln. 
Sacral  Plezua, 

DP,  Dorsalis  penis  of  pndic. 

IP,  Inferior  hemorrhoidal  of  pndic. 

P,  Superficial  perineal  of  pudic  and  inferior  pudendal  of  small 

sciatic 
IG,  Inferior  gluteal  of  small  sdattc 
SS.  Small  sciatic. 

EP,  Branches  from  external  popliteal. 
ES,  External  saphenous. 
MCS,  Muaculo-cntaneous. 
AT,  Branches  of  anterior  tibial. 
PT,  Branch  of  posterior  tibial. 
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The  electric  sensibility  of  the  ekia  to  the  faradic  current  ix 
slightly  dimiDisbed  when  aneesthesia  is  prefient. 

Course,  Dxhration,  and  Terminations. — Sciatica,  as  a  rule, 
lasts  several  weeks  even  in  favourable  cases.  Occasionally^ 
recovery  may  take  place  in  a  few  days,  but  more  frequently 
it  persists  for  months.  The  attacks  supervene  irregularly,  each 
commences  gradually,  rises  to  a  certain  intensity,  at  which  it 
remains  with  some  variations  for  a  longer  or  shorter  time,  and 
then  grailually  subsides.  Improvement  is  usually  very  gradual, 
and  even  when  the  pain  has  disappeared  the  leg  remains  weak 
and  stiif  and  easily  tired,  and  the  patient  is  liable  to  a  rel&pae 
on  slight  provocation.  In  cases  unassociated  with  organic  diBease 
the  usual  duration  of  the  pain  varies  from  two  to  eight  weeks, 
but  when  it  is  the  result  of  organic  changes  it  may  last  for 
thirty  years. 

Diagnosis. — The  diagnosis  of  sciatica  is  surrounded  by  con- 
siderable difficulties,  especially  in  women,  in  fat  persons,  and  in 
ignorant  people,  who  cannot  give  a  good  description  of  their 
subjective  sensations.  It  may  be  mistaken  for  myalgia  of  the 
thigh  or  leg,  but  the  pain  in  the  latter  affection  has  a  ditfused 
localisation,  so  that  the  patient  indicates  its  seat  with  his  whole 
hand,  whilst  in  neuralgia  he  points  to  it  with  his  finger.  The 
pain  in  myalgia  is  also  increased  by  the  performance  of  definite 
movements. 

Sciatica  may  also  be  very  readily  confounded  with  hip-joint 
disease;  and  in  slowly-developing  cases  of  the  latter  disease, 
without  fever  or  deformity,  an  error  in  diagnosis  can  only  be 
avoided   with   the  exercise   of  the  greatest  care.     It  is  still 
more  difficult  to  distinguish  between  hysterical  coxalgia  and 
sciatica.   The  absence  or  presence  of  pain  when  the  head  of  the 
femur  is  pressed  against  the  acetabulum,  the  age  and  the  state 
of  the  general  health,  the   elongation   or   shortening   of  the  ^ 
leg,  the  shape  of  the  lower  part  of  the  back,  the  situation  of  S 
the  painful  points,  the  paroxysmal  character  of  the  pain  and  iu       ' 
mode  of  distribution,  the  presence  or  absence  of  fever  and  in- 
flammation, and  the  mode  of  carrying  the  leg,  must  all  be 
taken  into  account  in  forming  a  diagnosis.    Inflammation  of 
the  psoas  muscle  can  be  readily  distinguished  from  sciatica. 

It  is  important  to  determine  whether  the  disease  be  seated  iu 


AND  COCCYGEiL  NERVES. 


517 


I 


the  course  of  the  nerves,  the  plexus,  the  roots,  or  in  the  central 
parts  of  the  nervous  system.  The  nerve  is  affected  in  its  course 
when  the  pain  is  localised  in  particular  branches,  and  when 
the  concomitant  motor  and  vaso-motor  disturbances  are  well 
marked.  The  plexus  is  probably  affected  when  the  pain  has  a 
wide  distribution,  and  when  tenderness  is  produced  on  pressure 
being  made  from  the  Tectum.  When  the  pain  extends  to  the 
posterior  branches  of  the  sacral  plexus,  is  localised  in  the 
bones,  and  has  a  well-marked  lancinating  character,  it  is 
more  likely  to  be  seated  in  the  roots  or  centres.  In  order  to 
distinguish  whether  the  roots  or  centres  are  affected,  attention 
must  be  paid  to  the  nature  of  the  concomitant  symptoms.  It 
is  of  the  greatest  importance  in  treatment  to  have  determined 
the  cause  of  the  sciatica. 

Prognosis. — The  prognosis  is  not  so  favourable  in  sciatica  as 
in  crural  neuralgia ;  but  in  recent  idiopathic  or  rheumatic  cases 
the  prognosis  is  always  favourable.  Slowly-developing  cases, 
associated  with  anjesthesia,  paralysis,  and  atrophy,  are  usually 
obstinate,  and  when  the  neuralgia  is  only  a  symptom  of  some 
incurable  disease  the  prognosis  is  very  grave.  Long  dura- 
tion and  old  age  add  to  the  gravity  of  the  prognosis. 

'  (2)  Neuralgia  Plantaris. — Although  the  tibial  nerve  is  rarely 
affected,  yet  one  variety  of  neuralgia  in  the  area  of  distribution 
of  this  nerve  is  so  important  as  to  deserve  special  mention. 
Dr.  S.  Weir  Mitchell,  who  has  done  so  much  to  advance  our 
knowledge  of  nervous  diseases,  was  the  first  to  give  an  accurate 
description  of  this  affection  under  the  title  of  "  Cases  of  rare 
,  vaao-motor  disturbance  in  the  leg."  But  inasmuch  as  the  vaso- 
[  motor  disturbances  are  preceded  and  accompanied  throughout 
by  severe  paroxysms  of  pain,  I  see  no  reason  why  the  aflectiou 
should  not  be  regarded  as  one  of  plantar  niiiirahjia,  or  perhaps 
as  a  neuritis  of  the  plantar  nerves. 

1  The  disease  occurs  nearly  awajs  in  the  male  sex,  aod  comes  on  after 
some  coustitutioual  diaaose  an  a  low  fever,  or  after  prolonged  exertion ; 
aod  in  a  case  uuder  my  care  the  afTectioa  was  the  sequel  of  ao  attack  of 
gonorrhoBal  rbeumatisoi.  It  is,  indeed,  probable  that  the  cases  of  obstinate 
pain  in  the  sole  of  the  foot  described  by  Dr.  Elliotsou  aa  followiug  gonor- 
rhoea! rheumatism  belong  to  this  category.  The  pain  m  ■  in 
the  ball  of  the  great  toe,  or  in  the  heel,  and  often  ex'  '<t 
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part  of  the  sole,  and  may  reach  the  dorsum 
geuerally  limited  to  circumscribed  areas  of  one  or  both  soles,  and  does 
not  extend  beyond.    It  is  felt  at  first  towards  night,  and  is  reliemd 

by  the  night's  rest ;  it  is  incrMMd 
FlQ.  89.  by  walking,   the  erect  posture,  or 

even  by  allowing  the  foot  to  bang 
down.  The  pain  is  at  first  of  an 
aching  character,  but  after  a  time 
it  becomes  of  a  burning  character, 
and  is  then  aggravated  by  warmth, 
relieved  by  cold  and  the  recumbent 
posture.  The  most  cbaracteriatie 
symptom  of  the  affection,  howcvar, 
is  a  fiushing  of  the  {>aiuful  ant 
coming  on  with  exertion,  or  whsn 
the  feet  are  allowed  to  hang  down. 
"The  foot," says  Dr.  Mitchell,  "g«U 
redder  and  re<lder,  the  veins  stand 
out  in  a  few  minutes  as  if  a  ligature 
had  been  tied  around  the  limb,  and 
the  arteries  throb  violentljr  for  a 
time,  until  at  length  the  extremity 
becomes  of  a  dark  purplinh  tiut.  In  the  worst  cases,  when  the  patient  » 
at  rest,  the  limbs  are  cold,  and  even  pale."  In  aggravated  casee  the  pain 
is  so  severe  as  to  render  walking  all  but  impossible,  and  when  walking  ii 
persisted  in  intense  redness  and  swelling  are  occasioned.  The  patient  8la«pi 
with  uncovered  feet,  and  iu  the  worst  cases  crawls  on  his  hands  and  kooei, 
or  is  carried  about  in  order  to  avoid  placing  his  feet  on  the  ground.  The 
disease  is  at  times  progressive,  and  iu  the  later  stages  it  is  associated 
with  evidences  of  spinal  disease,  such  as  girdle  pains,  partial  paralyaiiv 
and  atrophy  of  some  of  the  muscles  of  the  leg.  In  an  interesting  cm* 
recorded  by  Dr.  Sturge  there  was  considerable  diminution  of  tho  faradie 
contractility  in  all  the  muscles  of  the  limb  most  affected.  In  one  of  the 
cases  obiierved  by  Dr.  Mitchell  the  disease,  which  had  at  first  been  ooo* 
fined  to  the  feet,  extended  at  a  later  stage  to  the  hands  also.  In  th* 
case  observed  by  me  there  was  a  tender  spot  over  the  centre  of  the  hMl, 
the  whole  course  of  the  external  plantar  nerve  was  very  tender  to 
pressure,  and  painful  points  were  found  between  the  heads  of  tlM 
metatarsal  bones  at  the  bifurcation  of  the  branches  of  the  plaittar 
nerves  for  the  digits, 
sweat,  and  the  skin 
what  glazed  during  the  paroxysm  of  pain  and  redness.  These  caaea  an 
extremely  intractable  to  treatment  The  accompanying  diagram,  borrowed 
from  Dr.  Mitchell,  is  almost  an  exact  representation  of  the  distribution  of 
the  redness  in  the  case  under  my  care. 

The  disease  which  is  most  liable  to  be  mistaken  for  plantar  neuralgia  iS( 


I 
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it  the  bifurcation   of  the   branches   of  the   pUittar  ^ 
s.    The  feet  were  generally  bathed  in  a  sour-amellint^l 
of  the  sole  had  a  sodden  apiiearauce,  becoming  aooM- 
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Podynia— au  affection  peoiiltar  to  tailors — described  by  Dr.  Gross.  This 
affection  consists  of  burning  pain  in  some  part  of  tho  sole,  but  tliere 
is  no  redness.  It  appears  to  depend  upon  subacute  inflammation  of  the 
periosteum.  A  painful  spot  on  tho  heel  may  be  observed  after  syphilis, 
but  careful  examination  will  reveal  a  node  oa  the  os  colcis. 

(3)  Neuralgia  of  the  Coccygeal  Nerves  (Coccygodynia,). — The 
chief  symptom  of  coccygodynia  consists  of  pain  in  the  region  of 
the  coccyx  when  the  patient  sits  or  walks,  and  often  also  during 
micturition  and  defecation,  especially  if  there  be  much  straining. 
Pressure  on  the  coccyx  with  the  finger  induces  pain.  The 
affection  is  generally  observed  in  women,  in  whom  it  occurs  in 
consequence  of  injury  to  the  coccyx  from  a  fall,  during 
labour,  or  from  exposure  to  cold,  and  it  may  originate  sponta- 
neously. It  is  probably  caused  by  irritation  of  the  bone  itself  or 
of  its  fibrous  investment,  but  occasionally  it  may  be  neuralgic, 
and  is  always  of  long  duration. 

Treatment. — In  neuralgic  cases  the  usual  remedies  must 
be  adopted.  In  other  cases  operative  proceedings  are  necessary. 
The  usual  operations  are  extirpation  of  the  coccyx,  or,  better 
still,  separating  the  bone  by  subcutaneous  section  with  a 
tenotomy  knife  from  all  nerves  connected  with  it  The  latter 
operation  has  proved  successful  in  several  instances. 

Treatment  of  Sciatica. — The  first  indication  of  treatment 
is  to  remove  the  cause  of  the  disease.  When  the  disease  arises 
in  a  patient  suffering  from  hajmorrhoids,  venous  stasis,  and 
constipation,  purgatives  and  saline  waters,  such  as  those  of 
Kissiugen  and  Marienbad,  give  good  results.  An  enema  con- 
taining turpentine  has  been  strongly  recommended  in  some  of 
these  casea     When  the  neuralgia  results  from  external  disease, 

I  operative  procedure  may  be  necessary,  such  as  removal  of 
tumours,  coaptation  of  fractures,  resection  of  cicatrices,  and 
removal  of  foreign  bodies;  or,  if  there  be  traumatic  neuritis,  a 
pressure  bandage  may  be  applied  to  the  whole  extremity. 
When  the  disease  is  of  central  origin,  the  appropriate  treat- 
ment for  the  particular  lesion  must  be  adopted.     Recent  rheu- 

I  matic  cases,  which  are  by  far  the  most  common,  should  be 
treated  by  diaphoresis,  the  milder  counter-irritants,  the  vapour 
or  Turki-sh  bath,  and  absolute  rest ;  and  in  chronic  cases  the 
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iodide  of  potassium  and  tbe  indifferent  tLerraal  baths  prove 
serviceable. 

Blisters  are  one  of  tbe  most  useful  agents  in  the  treatment 
of  sciatica,  and  they  are  best  applied  in  the  form  of  flying 
blisters  over  the  course  of  the  painful  nerve.  Anstie  reoom- 
mended  the  application  of  the  blister  over  the  sacrum,  so  ax  to 
be  directly  opposite  the  posterior  roots  of  the  nerve ;  but  it  hif 
been  found  much  more  generally  useful  in  practice  to  apply  the 
blister  over  the  course  of  the  painful  nerve. 

The  actual  cautery  is  an  excellent  remedy  in  the  more  sariooi 
cases,  and  the  best  mode  of  using  it  is  to  cauterise  tbe  ikin 
superficially  in  transverse  lines  over  the  affected  nerve.  In  two 
severe  cases  of  sciatica  which  resisted  tbe  ordinary  mild  treat- 
ment I  injected  seven  minims  of  a  strong  solution  of  nitrate  (A 
silver  (grs.  X  to  the  5j)  subcutaneously.  This  method  produced 
severe  pain,  and  in  one  of  the  cases — an  antcmic  woman — it 
was  followed  by  what  appeared  from  the  description  to  have 
been  some  kind  of  convulsion.  In  both  instances  the  neuralgic 
pain  disappeared  in  a  few  days,  but  I  would  certainly  not  advise 
this  treatment  except  in  very  obstinate  cases,  and  in  moderately 
robust  individuals. 

Narcotics  cannot  be  dispensed  with  in  cases  of  even  or<iiuar; 
severity,  and  the  subcutaneous  injection  of  morphia  over  one 
or  other  of  the  painful  points  is  tbe  most  generally  uaefnl 
method  of  administration.  A  small  blister  may  be  applied  over 
the  course  of  tbe  painful  nerve,  and  after  the  skin  has  besB 
removed  tbe  surface  should  be  dusted  with  morphia  finely 
powdered,  from  one-sixth  to  one-third  of  a  grain  being  applied 
every  three  or  four  hours.  Atropine  may  bo  tried  if  morphia 
fail  Trousseau  recommended  an  issue  on  the  buttock  to  wbich 
two  or  three  pilules  are  applied  daily,  each  containing  three- 
quarters  of  a  grain  of  extract  of  opium  and  the  same  ((uantity 
of  belladonna,  made  up  with  gum  tragacantb.  Anodyne  lini- 
ments and  embrocations,  and  narcotic  clysters  or  suppositorie* 
afford  valuable  aid  in  tbe  treatment  of  the  disease. 

Electricity  gives  good  results  in  many  cases.  Tbe  (aradic  is 
not  so  generally  useful  as  tbe  constant  current  The  former 
may  be  applied  in  tbe  form  of  the  electric  brush,  or 
with  moist    electrodes.      The  constant  current,   bowercr,  n 
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much  more  generally  useful,  and  it  is  equally  successful  in 
recent  and  in  chronic  cases  of  the  disease  which  do  not  depend 
upon  incurable  organic  disease.  The  descending  current  with 
stabile  electrodes  is  the  most  effectual  method  of  applying  it. 
The  anode  should  be  placed  over  the  sciatic  foramen  or  upon 
the  sacrum,  and  the  cathode  upon  tbe  specially  painful  parts. 
Remak's  plan  may  also  be  adopted.  According  to  this  method 
separate  portions  of  the  nerve,  from  six  to  eight  inches  in 
length,  are  successively  brought  under  tbe  influence  of  the 
current,  beginning  at  the  sacrum  and  passing  down  to  the  feet. 
Another  method  employed  by  Remak,  under  the  name  of 
circular  current,  consists  in  the  stabile  application  of  tbe  anode 
upon  the  trunk  of  the  nerve  and  upon  tbe  painful  points. 
This  method  requires  strong  currents  to  be  used,  with  broad 
electrodes,  so  that  the  current  may  pass  deeply.  In  severe 
cases,  Benedict  has  recommended  that  one  electrode  should  be 
introduced  into  the  rectum  and  the  others  placed  ou  tbe 
sacrum,  so  that  the  current  should  be  applied  as  directly  as 
possible  to  the  scat  of  the  disease.  Ciniselli  recommended  a 
single  galvanic  element — one  zinc  and  one  copper-plate  con- 
nected by  a  wire — to  be  applied  to  the  affected  limb.  Such 
plates  may  be  adapted  to  auy  part  of  the  skin,  and  may  be 
worn  for  hours  or  for  days  together,  and  good  results  are  some- 
times obtained. 
H  Various  specific  remedies  have  been  from  time  to  time  recom- 
mended. Rectified  oil  of  turpentine  has  been  for  a  long  time 
employed  as  a  remedy.  It  is  best  taken  in  the  form  of  gelatine 
capsules,  each  of  which  contains  about  fifteen  grains,  and 
three  to  twelve  may  be  taken  daily  at  meal  times.  Quinine  has 
not  been  found  very  useful  in  sciatica.  Iodide  of  potassium, 
either  alone  or  in  combination  with  guaiacum,  is  useful  in 
some  cases,  more  especially  in  rheumatic  cases,  and  if  there  be 

■A  syphilitic  taint  it  should  be  given  ia  large  doses. 
Hot  fomentations  are  frequently  beneficial,  or  poultices  may 
be  used  if  preferred.  The  indifferent  thermal  and  mud  baths 
have  for  a  long  time  enjoyed  great  repute  in  the  treatment, 
and  proliably  the  greatest  benefit  is  obtained  by  those  means 
in  chronic  rheumatic  cases.  The  most  noted  watering  places  for 
.  the  cure  of  sciatica  are  Teplitz,  Gastein,  Wildbad.  Wiesbaden, 
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and  Baden-Baden.     The  cold-water  treatment  and  sea 
baths  have  also  been  found  serviceable. 

In  severe  and  desperate  cases,  and  in  these  only,  aurgii 
operations  are  justifiable.  Resections  of  the  smaller  seosoiy 
branches  may  be  undertaken  without  fear;  but  it  should  b« 
remembered  that  the  paralysis  which  is  produced  by  resectjoa 
of  a  portion  of  the  sciatic  nerve,  or  of  either  of  its  two  ter-; 
minal  branches,  is  generally  incurable.  Stretching  of  tb« 
sciatic  nerve,  according  to  the  plan  of  Nussbaum,  is  a  much 
more  promising  operation,  since  it  not  only  relieves  the  pain, 
but  the  voluntary  control  over  the  movements  of  the  litnbi 
remains  unaffected.  Mr.  Heath,  of  Manchester,  reports  a  com 
of  obstinate  sciatica  successfully  treated  by  stretching  of  the 
nerve. 

Rest  in  the  recumbent  position  should  always  be  insis' 
upon  in  the  treatment  of  sciatica.     Attention  should  also 
paid  to  the  regulation  of  the  diet  of  the  patient,  and  to 
condition  of  the  digestive  canal  and  to  the  state  of  the  health; 
generally.     The  form  of   plantar  neuralgia   described  by  Dr. 
Mitchell  has  hitherto  proved  intractable  to  every  kind  of  trraJ- 
ment.    Stretching  of  the  posterior  tibial  nerve  deserves  trial. 


§  303.  Spfism  of  the  Muscles  aupplud  by  the  Sciatic  Nervt 

(1)  SjHtsm  of  the  flexors  of  the  leg  (biceps  femoris,  semi- 
tendinosus,  and  semi-raembrauosus)  occurs  in  the  form  of  tonic 
contraction  in  hysterical  patients,  in  disease  of  the  spinal  cord, 
and  in  disease  of  the  knee-joint.  The  leg  is  kept  strongly 
flexed  upon  the  thigh,  and  the  contraction  is  sometimes  c&rrieii 
so  far  that  the  heel  is  brought  into  contact  with  the  buttock. 

(2)  Spasm  of  the  anterior  mriscUs  of  the  leg,  or  those  supi 
by  the  peroneal  nerve,  is  of  rare  occurrence.  Weir  Mitci - 
has  described  a  peculiar  and  painful  contracture  of  the  tibial  i= 
anticus,  peroneus  longuSj  and  gastrocnemius,  which  occurs  in 
young  people  after  long  standing,  and  leads  to  deformity  of  tiie 
feet.  Duchenne  has  shown  that  spasm  of  the  peroneus  longtu 
has  a  great  influence  in  producing  certain  forms  of  club-fooC 
He  has  also  drawn  attention  to  the  fact  that  the  spasms  an  of 
two  kinds:  the  first  consisting  of  persistent  contrncture  of  the 
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muscle ;   the  second,  of  functional  spasm,   which   only  occurs 
when  the  leg  is  brought  into  use. 

I  (3)  Spasm  of  the  vixLsclea  of  the  calf ,  or  of  the  muscles  sup- 
plied by  the  tibial  nerve,  is  frequent.  The  well-known  "  cramps," 
which  occur  in  the  calf  from  contraction  of  the  gastrocnemius, 
belong  to  this  variety.  Contractures  of  the  sural  muscles 
produce  "  pes  equinus,"  the  heel  being  strongly  elevated,  the 
point  of  the  foot  depressed,  and  the  toes  flexed.  Cramps  in 
the  calf  are  observed  in  sciatica,  and  in  hypercesthesia  of  the 

rknee-joint. 

(4)  Diffused  spasm  of  the  whole  inferior  extremity,  or  of  both 

[extremities  together,  occurs  occasionally  in  hysteria.     Sometimes 

[■pasm  of  the  leg  may  occur  as  a  motor  aura  in  epilepsy,  and 
tonic  and  clonic  spasms  of  the  lower  extremities  are  frequently 
met  with  in  diseases  of  the  spinal  cord. 

Treatment. — The  treatment  must  first  be  directed  to  remove 

tail  the  exciting  causes  of  the  disease.  The  direct  treatment 
consists  of  the  faradic  and  galvanic  currents  applied  in  the 
usual  way,  nervine  tonics,  and  antispasmodics,  along  with  teno- 
tomy and  orthopoedic  measures,  according  to  the  nature  of  the 
case. 


§  304.  Tetany  (TetanUla). 

Tetany  consists  of  paroxysms  of  tonic  contractions  of  certain 
groups  of  muscles,  affecting  for  the  most  part  the  muscles  of 
the  forearm  and  hand,  and  sometimes  extending  to  all  the 
muscles  of  the  upper  and  lower  extremities,  but  seldom  attack- 
ing those  of  the  lower  alone. 

Etiology. — The  disease  frequently  manifests  itself  from  the 
fourth  to  the  sixth  year,  and  next  to  this,  in  liability  to  its 
occurrence,  is  the  period  of  puberty  and  youth ;  the  majority 
of  cases  in  adults  occur  in  those  who  are  between  sixteen  and 
thirty  years  of  age.  The  disposition  to  the  disease  is  increased 
during  pregnancy,  in  the  puerperal  state,  and  during  lactation. 
!No  association  appears  to  exist  between  the  .atfection  and  the 
occupation  of  the  patient. 

Exposure  to  cold  appears  to  be  the  most  common  exciting 
cause  of  the  disease  ;  hence  many  physicians  have  regarded  it 
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aa  a  rheumatic  affectioQ,  and  tbe  swelling  of  the  joints,  which 
is  frequently  associated  with  it,  indicates  that  it  has  a  don 
aflSnity  with  rheumatism. 

It  is  often  observed  aa  one  of  the  sequelro  of  typhoid  few 
measles,  cholera,  Bright's  disease,  intermittent  fever,  exhausting 
diarrhoea,  and  various  other  diseases ;  and  Moxon  has  directed 
attention  to  the  similarity  between  the  symptoms  of  tetany  and 
those  caused  by  ergotism.  Puberty,  pregnancy,  and  lactatioo 
favour  the  development  of  the  disease ;  but  whether  these  csusm 
act  by  reflex  irritation  or  in  some  other  way  is  not  known. 
Dentition  and  irritation  of  the  alimentary  canal,  as  Uut 
produced  by  worms  and  undigested  food,  are  well-knowo 
causes  of  the  disease,  and  undoubtedly  act  by  reflex  irritaU< 
Tetany  has  also  been  known  to  follow  various  emotional 
turbances. 

Si/viptoma. — ^The  spasmodic  condition  which  is  the  mua 
feature  of  the  disease  is  usually  preceded  by  various  aeaimj 
disturbaucea,  such  as  a  sensation  of  creeping  or  dragging,  formi-l 
cation,  feelings  of  heat  and  cold,  and  sometimes  well-marited 
pain  in  the  forearm  and  hand.  After  a  time  slight  contructioos 
or  feelings  of  stifiFness  occur  in  particular  fingers,  which  are  in- 
tensified when  any  object  is  grasped,  and  these  are  soon  suooeedod 
by  the  fully-developed  spasm. 

The  spasmodic  condition  consists  not  of  one,  but  of  &  serio 
of  distinct  attacks.  Each  attack  begins  with  a  rigidity  of  tbe 
hand  and  fingers.  The  thumb  is  strongly  adducted,  the  fingen 
are  approximated,  the  second,  third,  and  fourth  fingers  are 
strongly,  while  the  first  is  only  slightly,  flexed,  and  all  are 
firmly  applied  to  the  thumb.  The  hand  is,  indeed,  drawn  into 
a  peculiar  conical  form,  a  position  which  may  be  obtained  bj 
a  powerful  faradic  excitation  of  the  ulnar  nerve.  The  wrist  it 
at  the  same  time  strongly  flexed  towards  the  ulnar  side;  and  id 
other  cases  the  fingers  are  closed  and  rigid,  so  that  tbe  hand 
resembles  a  paw. 

Sometimes  the  region  of  distribution  of  the  median  ner?* 
may  be  affected,  in  which  case  the  thumb  is  turned  inwardi 
and  tightly  enclosed  by  tbe  spasmodically-bent  fingers.  In  ran 
cases  the  hands  are  violently  flexed  backwards,  the  foroanni 
are  semi-flexed,  the  upper  arms  are  strongly  adducted,  and  (hi 
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forearms  are  thus  crossed  upon  the  epigastrium.  The  affected 
muscles  feel  hard  and  are  tightly  stretched  and  painful,  and 
although  their  tension  undergoes  considerable  variation  during 
the  attack,  they  never  become  entirely  relaxed.  They  offer 
considerable  resistance  to  passive  extension,  and  when  force 
ceases  to  be  applied  they  generally  return  to  the  position 
assumed  in  the  spasmodic  state. 

The  spasm  frequently  extends  to  the  inferior  extremities, 
forcing  them  to  assume  a  rigid  and  extended  position.  The 
toes  are  strongly  flexed,  and  the  patient  experiences  great  pain 
and  hyperaisthesia  of  the  muscles,  and  he  is  quite  unable  to 
walk  or  to  perform  any  kind  of  work. 

The  muscles  of  the  back  and  neck  are  only  attacked  in  very 
severe  cases ;  and  those  of  the  abdomen  and  diaphragm  are 
still  less  frequently  affected,  whilst  the  muscles  of  facial 
expression,  those  of  the  tongue  and  of  mastication,  are  almost 
never  involved.  When  the  diaphragm  is  affected  the  attack  is 
of  an  alarming  character,  and  may  prove  immediately  fatal. 

The  spasm  may  last  for  a  few  minutes,  or  a  quarter  of  an 
hour,  or  even  for  some  hours,  and  its  violence  then  gradually 
abates,  leaving  for  some  time  a  painful  feeling  of  fatigue  and  a 
certain  amount  of  rigidity  and  immobility  of  the  muscles. 
After  a  shorter  or  longer  interval  a  fresh  attack  comes  on.  As 
a  rule  the  intervals  are  a  few  hours  in  duration,  the  attacks 
recurring  several  times  in  the  day ;  but  days  or  even  weeks 
may  intervene  between  them.  In  very  severe  cases  the  attacks 
may  follow  one  another  so  rapidly  that  the  patient  only 
remains  free  from  spasm  for  a  few  minutes  at  a  time. 

The  affection  consists  of  a  greater  or  lesser  number  of  these 
attacks,  which  may  last  for  a  period  of  a  few  days  or  weeks, 
but  generally  continue  for  several  months.  The  patient 
feels  well  and  able  to  work  in  the  intervals,  but  occasionally  a 
certain  amount  of  weakness  is  felt  in  the  muscles  which  have 
been  affected  with  spasm.  The  attacks  supervene  without  any 
obvious  cau.ie,  but  Trousseau  has  shown  that  if  during  the 
interval  the  larger  arterial  or  nervous  trunks  of  the  upper 
extremities  be  compressed,  a  well-marked  attack  may  be 
induced  in  the  course  of  one  or  two  minutes,  which  lasts  as 
long  as  the  pressure  is  maintained. 
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Well-marked  concomitant  symptoms  are  usually,  although  by 
no  means  always,  present.  In  addition  to  the  pain  in  the 
muscles,  a  tearing  sensation  is  experienced  in  the  course  of  th« 
nerve  trunks.  The  attacks  are  preceded  and  accompanied 
creeping  sensations,  formication,  and  other  abnormal  feelii 
Cutaneous  anaesthesia  has  been  observed  in  a  few  cases, 
muscular  anaesthesia  has  been  reported  in  one  or  two  instaoi 
Redness  and  oedematous  swelling  of  the  skin  around  the  joinU, 
congestion  of  the  head,  headache,  giddiness,  and  humming  sounds 
in  the  ears  are  amongst  the  occasional  symptoms  mentioned. 
Disturbance  of  the  general  health  is  rare,  although  a  certain 
amount  of  fever  is  present  in  severe  cases.  Free  perspiration 
of  common  occurrence  during  the  acme  of  the  attack.  Respii 
tion  may  be  interfered  with  by  spasm  of  the  diaphragm 
other  respiratory  muscles.  The  mental  functions  are  almoct 
always  imimpaired. 


§  305.  Paralysis  of  the  Muscles  supplied  hy  tfie  Sciatic  Ntrr*. 

Etiology. — From  the  exposed  position  of  the  nerve  it 
liable  to  injuries  of  various  kinds,  such  as  laceration,  section, 
mechanical  pressure  from   the  growth  of  tumours,   fractut 
of  the  vertebral  column,  tumours  of  the  cauda  equina  or  of 
pelvis,  in  short,  injury  or  compression  of  the  nerve  in  any 
of  its  course. 

Rheumatic  paralysis  of  the  sciatic  nerve,  the  result  of  a  chill,  ii 
much  less  frequent.  Paralyses  from  neuritis  are  more  freque 
and  a  certain  amount  of  paralysis  is  frequently  left  after  seve 
sciatica,  and  in  these  cases  it  is  probable  that  the  neuralg 
was  the  result  of  neuritis.  Paralysis  of  the  sciatic  nerve  va»J 
also  occur  after  acute  disease,  and  as  a  symptom  of  hvst<rria. 
This  nerve  is  always  implicated  in  the  various  forms  of  spinal 
and  in  many  cases  of  cerebral  paralysis.  It  is  also  involved  in 
paeudo-hypertrophic  paralysis,  but  is  seldom  affected  in  pro- 
gressive muscular  atrophy. 

Symptoms. — The  paralysis  may  atTect  the  nerve  as  a  whole, 
or  either  of  its  two  branches,  the  peroneal  and  tibial  nerrea,  0 
it  may  be  limited  to  branches  supplying  particular  musclea, 

(1)  If  the  mvLSCiLlo-cutaneoua  nerve  be  affected. 


AND  COCCYGEAL  NERVES. 


527 


Flo.  90. 


^g" 

W' 


» 


tnnot  be  flexed  or  abducted,  and  can  only  be  incompletely 
adducted.  It  hangs  dovm  in  a  flaccid  condition  with  the  toes 
depressed,  so  that  walking  is  seriously  interfered  with,  inasmuch 
as  the  depressed  toes  are  apt  to  trip  the  patient  at  every  slight 
inequality  of  the  ground.  The 
necessary  elevation  is  given  to 
the  passive  foot  in  walking  by 
flexion  at  the  hip-joint,  so 
that  the  point  is  the  last  part 
of  the  foot  to  be  raised  from 
the  ground;  and  ou  planting 
it  down,  the  outer  border  of 
the  foot  and  the  toes  touch  the 
ground  first.  This  mode  of  pro- 
ession  is  frequently  observed 
in  cases  of  infantile  paralysis, 
and  the  gait  is  very  character- 
istic. Secondary  contractions 
of  the  muscles  of  the  calf  are 
apt  to  occur,  and  then  the  gait 
is  rendered  still  more  peculiar 

and  characteristic. 

The    part    played    by    the 
several  muscles  in    producing 

these  symptoms  is  as  follows : 

Paralysis  of  the  tibialis  anticus 

limits  the   dorsal  flexion  and 

adduction  of  the  foot,  and  the 

inner  border  and  the  point  of 

tho  foot  can  no  longer  be  raised, 

though  these  movements  may 

be  in  part  vicariously  executed 

by  the  extensor  digitorum  com- 
munis, and  the  extensor  longus 

pollicis.     Paralysis  of  the  ex- 
tensor   digitorum    communis 

likewise  diminishes  the  dorsal 

flexion    of  the  foot   and    the 

abduction  of  the  foot  in  the 


Flo.    no.     Miiidf*  of  lilt  Fioiit  of  the 
Laj  (from  WiUon). 

1,  Quadricep*  extemioruigerted  into  the 
patella. 

2,  Subcutaneoua  surface  of  tbe  tibia. 

3,  Tibialis  anticoa. 

4,  Kxtensor  longun  digitorum. 
fi,  Exteniior  proi>riu8  polUcii. 

6,  Fer<)n«u«  lertin*. 

7,  Peroneu*  longus. 

8,  I'emneus  brevin. 

9,  %  Borden  of  tbe  soleua  muscle. 

10,  Part  of  the  inner  belly  of  tbe  gss- 
tiocnemlus. 

11,  Extensor  breviii  diptorum ;  the 
tendon  in  front  of  tbe  6^re  is 
that  of  the  peroneus  tertius ; 
that  behind  it,  the  peroneua 
brevii. 
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flexed  position,  and  renders  extension  of  the  basal  phalanges  of 
all  the  toes  impossible. 

Paralysis  of  the  extensor  longus  pollicis  diminishes  do 
flexion  and  abolishes  the  power  of  extending  the  great 
Paralysis  of  the  peroneus  longus  renders  abduction  of  the  foot 
in   the   extended   position   impossible,   the  arch   of  the  foota 
becomes  flattened,  and  the  inner  border  no  longer  touches  tbrH 

ground  because   the  bead  of 
°'  the   first   metatarsal    bone  it 

no  longer  drawn  downward*. 
A  peculiar  kind  of  flat  foot  ii 
produced,  which  has  been  car»- 
fully  described  by  Duchenne 
If    the    peroneus    brevis    be 
paralysed,  pure  abduction 
the   foot   is  rendered   impo»- 
sible,    which     can     only    b* 
accomplished  along  with  doml 
flexion   by  means  of  the  ex- 
tensor digitonim  communis,  or 
along  with  plantar  flexion  b; 
means  of  the  peroneus  loDgiu 
Paralysis     of     the      extenaor 
digitorum    communis    brsrii 
impairs   the  extension  of  tb« 
basal  phalanges  of  the  four 
last  toes.     These  various  para- 
lyses may  occur  in  an  isolated 
manner,  or  they  may  be  com* 
bmod  in  various  ways,  and  thea 
the  muscles  affected  can  enl; 
be   recognised   by    the    m 
careful  and  prolonged  iuv< 
gation. 

(2)  K  the  fibhil   r 
paralysed,    all     the     musde* 
at  the  back  of  the   lef;  an 
afiiected,  and  consequently  ex- 
tension of  the  foot  as  well  m 
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Fio.  91.  Supa\IIHal  itutrla  of  the  Bark 
o]  Ihe  L*g  (from  Wilson). 

1,  Tendon  of  biceps. 

2,  T«nilnnii  of  inner  bamstringi, 

3,  Popliteal  apactf. 

4,  (jMtrvcnemiiM, 

5,  5,  Solvus. 

6,  Tendo  .■Vchillifl. 

7,  Tubertiaity  of  o«  calcis. 

8,  Tendoni  of  the  pcroncua  longui  and 

brevii. 

9,  Tesdon*  of  the  tibialia  poRticas  and 

flraor  longiu  digitorum. 
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lexion   and    lateral   movement    of    the    toes    ia   impossible. 
Paralysis  of  the  gastrocnemius  and  soleus  prevents  the  foot 


from  being  extended,  and 
renders  it  impossible  for  the 
patient  to  stand  upon  the  toes ; 
and  a  hook-like  position  of 
the  foot  is  produced,  partly  in 
consequence  of  the  paralysis, 
and  partly  in  consequence  of 
secondary  contraction  of  the 
muscles  of  the  front  of  the 
leg.  Paralysis  of  the  tibialis 
posticus  diminishes  the  power 
of  adducting  the  foot,  or  of 
raising  its  inner  border.  Para- 
lysis of  the  flexor  ctymnivunia 
digitorum  renders  flexion  of 
the  two  distal  phalanges  of 
the  toes  impossible.  Paralysis 
of  the  fie,toi'  polUcis  lonrfus 

tnders  flexion  of  the  great 
e  incomplete.  Paralysis  of 
the  adductor  and  abductor 
pollicis  abolishes  the  power 
of  moving  the  great  toe  late- 

fUy;  while  paralysis  of  the 
terossei  renders  flexion  of 
e  first,  and  extension  of  the 
two  distal  phalanges  of  the 
toes,  as  well  as  separation  of 
the  toes,  impossible ;  and  a 
peculiar  claw-like  position  is 
thus  produced  just  as  in  the 
hand.  The  first  phalanx 
is  abnormally  extended,  the 
second  and  third  are  strongly 
flexed,  and  the  toes  no  longer 
touch  the  ground  with  their 
bulbous    extremities.      Some 


Fio.  92. 


'Mr 


Fio.  02.    Dup  Layer  of  Aliurlft  of  th^ 
Biick  of  the  Ltij  (from  Wil«on). 

1,  Lower  extremity  r>f  the  femur. 

2,  LigAmentum  posticum  Winalowii 

3,  IVudoD  of    tue  aetuimembraiu iMit 

luuscle.  [knee-juiiit. 

4,  lotvmiil    literal    lii;iimt!nt    ot    ttio 
•'>,  External  lateral  !i|,'anieiit. 

0,  Popliteiia  mu»cle. 

7,  Flexor  longiiH  digitorum. 

8,  Tibialis  poaticuK. 

9,  Fle.Nor  lno^ii  pollicis. 
10,  PeroDcui  limgiu. 

n,  I'eroDeua  brevii, 

12,  Teadn    Achillia    divided    near    it* 

inaerttim  into  the  o»  calcia. 

13,  Tendona  nf  the  tihinlia  |>o«iicua  and 

flexor  lunKUB  digitorum,  juat  aa 
they  are  almut  to  pam  beneath 
the  internal  annular  linunent  n( 
the  ankle  ;  the  iutenal  between 
the  latter  tendon  and  the  tendon 
nf  the  Bexnr  lougua  potlicia  ia  for 
the  puaterior  tibial  veaaela  and 
nerve. 
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pain  and  inconvenience  are  experienced  after  long  standing  or 
walking,  but  the  functional  disturbance  produced  is  relatively^ 
small. 

These  paralyses  of  the  muscles  of  the  lower  extremities  cause 
various  anomalies  in  the  position  of  the  foot  and  second; 
alterations  in  the  joints;  but  the  details  of  these  malformatioix 
must  be  referred  to  in  surgical  and  orthopaedic  works. 


Fig.  93. 


Run.  inf.  V.  glnl.  Inf.  pro  M. 

gtnt.  mAxim.   

N«fT.  iiohiBdloiu  

Mojo,  biceps  .Caput  longnin) 


Mom.  tilMp*  (C*pat  bnve). 


Ner».  tIbiaUa  

JiCTT.  peronena 

M.  gutrootiem.  eTt«miu 

11.  w>lwifi .. 


IL  kddoctor  nu(ni& 
M.  aBmi-tmidincMift. 
U.  M 


-*»   M.  gwttooDeiD.  1 


If  the  trunk  of  the  sciatic  nerve  be  affected,  the  bronchc 
distributed  to  the  flexors  of  the  leg,  the  semi-tendinosus, 
mombranosus,  and  biceps  femoris  are  also  paralysed,  and 
patients  are  unable  to  ilex  the  leg  upon  the  thigh,  to  apf 
mate  the  heel  to  the  gluteal  region,  or  to  offer  any  r«ris 
when  an  attempt  is  made  to  extend  the  leg. 

Paralyses  of  the  sciatic  nerve  are  usually  accoinpani* 
disturbances  of  sensibility,  the  extent  of  which  depends  ui 


AND  COCCTGEAIi  NEBVES. 


531 


the  cause  of  the  paralysis.  When  the  paralysis  is  limited  to 
the  peroneal  region,  the  antesthesia  is  limited  to  the  anterior 
and  external  side  of  the  leg,  the  dorsum  of  the  foot,  and  the 
greater  part  of  the  toes.  If  the  tibial  nerve  be  affected,  the 
posterior  surface  of  the  leg,  the  sole  of  the  foot,  and  the  plantar 
surface  of  the  toes  are  the  seats  of  the  anaesthesia.  The  region 
of  the  knee,  the  back  part  of  the  thigh,  and  ultimately  the  but- 
tock and  periniEum  are  successively  aflfected  by  anjesthesia, 
according  as  the  lesion  is  situated  at  higher  levels  in  the  trunk 


Fio.  94. 


N.  cmnjtf   :  / 

y.  obtamtorina  . 

SL  iartorioM 

M.  AdUacVir  long ^IHl 

lUm.  N.  cruralia  pro  U-    ■  •  •  •  JBBBfc  \ 

qaodricipit.  '' 

U.  •runlia    __ 

M 

HuR-  S.  «nimlU  pro  H. 
Tuto  ijic. 


V,  t«naor.  fuciu  lat.  (Bara. 
N.  glut«i  vujx ) 

-  -     H.  tamor  fludM  Ub  (Run. 

a.  iTuralk]. 

—  -    U.  rectm  femor. 


U.  Tutiu  extorn. 


M.  Tutiu  extern. 


'of  the  nerve.     If  the  lesion  be  situated  in  the  hollow  of  the 
sacrum  or  in  the  Cauda  equina,  the  antpsthesia  affects  the  whole 
sacral  region,  the  scrotum  (or  the  labia)  and  penis,  the  urethra, 
^bladder,  and  rectum. 

■  Vaao-motor  disturbances  are  usually  present  in  the  form  of 

■  cyanosis,   bluish-red   marbled  colouring,  and   coldness   of  the 
"  skin  in  the  paralysed  leg.     Increase  of  temperature  baa  occa- 
sionally been  observed  as  a  transitory  symptom. 

Trophic  disturbaiiccs  are  not  unfrequent  in  cases  of  severe 
peripheral  paralysis  of  the  sciatic.    The  most  usual  of  these  are 
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muscular  atrophy,  ulceration  of  the  skin,  eruptions  of  herpes  and 
pemphigus,  bed-sores  on  the  sacrum,  ankles,  and  heels. 

The  diugnosis  between  peripheral  paralysis  of  the 
nerve  and  the  paralysis  resulting  from  central  disease  is  not 
always  easy.     If  the  reflex  actions  are  preserved  in  the  para- 
lysed muscles,  the  seat  of  the  paralysis  is  central,  although  ti 
converse  does  not  bold  true,  since  the  reBez  action  is  somelim< 

Fio.  95. 


M.  futrcwnuBliu  inlcnus 
M.  aolsiia 


M.  flex,  difilor.  eommmi.  long. 


N.  tlMalla 


H.  abdaotor  pollicb 


abolished  in  spinal  disease.  The  reaction  of  degeneration  wbea 
associated  with  corresponding  sensory  disturbances  is  in  favoai 
of  the  peripheral  origin  of  the  disease ;  while,  if  it  be  Dot] 
associated  with  any  disturbance  of  sensibility,  it  ia  in  & 
of  its  spinal  origin. 

The  'prognosis   is   in   all   cases  doubtful,  depending  both- 
upon  the  nature  of  the  cause  and  the  accompan3ring  trophi 
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'disturbances,  electrical  reactions,  and  various  other  factors.  In 
consequence  of  the  great  length  of  the  sciatic  nerve,  the  pro- 
cess of  regeneration  in  the  fibres  requires  a  long  time  before 
it  is  completed,  so  that  in  traumatic  and  other  forma  of 
paralysis  the  affection  ia  likely  to  be   of  long  duration,  and 

loften  proves  incurable. 


.  peroneni  loDgDR 
.  tibialis  uitioiu 


H.  axtwu.  long,  pollici*.   _ 


■^-  KoxT.  pctronoiu. 

'  *  M .  gutrooiuszii.  ejEt«m. 

U.  tolm*. 

,  U.  ext«nM>r  lung,  digltor 
(Kiiumoijia. 


M.  perODelu  brari*. 
V.  toleni. 

U.  flexor  loDgna  pollidt. 


M.  «xt«iuor  digitor.  oom- 
niiw.  bnTii. 

M-      abdaot<ir.      rnitumi 
41giti  ped. 


Treatment. — After  removing  the  cause  of  the  affection,  where 
[possible,  the  galvanic  current  should  be  employed  along  with  a 
graduated  system  of  gymnastics,  anJ  the  use  of  thermal  saline 
and  mud  baths.  Operative  measures  are  frequently  necessary  in 
order  to  remove  deformities,  but  the  reader  must  be  referred 
[for  details  to  surgical  treatises. 
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\ 


SUMMARY  OF  THE  FUNCTIONS  OF  TUE  SYMPATHETIC 

SYSTEM. 

The  sympathetic  syutein  of  nerves  consists  of  a  vertebral  and 
prevertebral  portion ;  the  vertebral  portion  is  composed  of  a 
series  of  ganglia,  united  by  a  longitudinal  cord  {Fig.  97,  IC 
toC);  it  descends  along  each  side  of  the  vertebral  column  from 
the  head  to  the  coccyx.  The  prevertebral  portion  consists  of 
the  numerous  ganglia  and  plexuses  of  the  head,  chest,  abdomen, 
and  pelvis. 

The  sympatbetic  nerve  communicates  with  the  cerebro-spioal  nerves 
immediately  at  their  exit  from  the  cranium  aud  vertebral  canaL  It, 
however,  miites  with  the  fourth  and  aiith  iierve  in  the  cavernous  sinus, 
with  the  olfactory  in  the  uose,  and  with  the  auditory  iu  the  meatus 
auditorius  iuternus.  The  branches  of  distribution  accompany  the  arteries 
which  supply  the  different  organs,  so  that  all  the  organs  of  the  body  are 
supplied  by  branches  of  the  sympathetic. 

A  schematic  representation  of  the  vertebral  portion  of  the  sympathetic 
IB  given  in  Fig.  97. 


§  306.  Fmictions  of  tlu:  Sympathetic  System. 

1.  Refltx  Action. — The  irritation  is  conveyed  by  afferent  fibres  to  one 
of  the  ganglia  of  the  sympathetic  and  then  refiected  through  efferent  fibres 
to  unstriped  muscular  fibres,  or  to  secretory  cells,  so  that  there  are  reflex 
secretory  as  well  as  reflex  motor  actious. 

2.  A  utomaCic  Actinia. — Rhythmical  discbarges  originating  in  the  ganglia 
are  conveyed  by  efferent  fibres  to  plain  muscular  fibres  or  secretory  cells, 
so  that  there  are  both  motor  and  secretory  automatic  actions.    It  is  pro- 
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bable,  however,  that  many  of  the  actions  now  regarded  as  automatic  will 
prove  to  be  reflex. 

Automatic  actions  are  under  the  regulation  of  iuhibitory  and  stimu- 
lating or  accelerating  fibres. 


§  307.  Cei-viccU  Portion  of  the  Sympathetic. 

1.  Vaio-molor  fibra  for  the  oorresiwnding  half  of  the  head.  Claude  Ber- 
nard showed  that  division  of  the  cervical  sympathetic  in  the  lower  auinub 
produces  a  dilatation  of  the  vessels  of  the  head  and  neck  on  the  aide 
•iperated  on,  and  elevation  of  temperature  ranging  from  4°  to  6'^  C.  Elec- 
trical excitation  of  the  peripheral  end  of  the  divided  cervical  sympathetic 
contracts  the  dilated  vessels  of  the  head  and  neck,  and  lowers  the  tem- 
(lerature  considerably  below  that  of  the  opposite  side. 

2.  Ocido-pupillary  Fihra. — Division  of  the  cervical  sympathetic  1* 
also  followed  by  contraction  of  the  pupil  (paralytic  myosin),  retraction  rf 
the  globe  of  the  eye,  flattening  of  the  cornea,  and  decrease  in  the  sise  o( 
the  palpebml  fissure,  while  irritation  of  the  peripheral  end  of  the  diviM 
sympathetic  on  the  other  hand  produces  mydriasis,  prominence  of  ih» 
globe  (exophthalmos),  bulging  of  the  cornea,  and  enlargement  of  tb* 
palpebral  fissure.  Both  the  vaso-motor  and  oculo-pupillary  fibres  han 
their  origin,  according  to  Claude  Bernard,  in  the  spinal  cord,  but  the  two 
sets  do  not  issue  at  the  same  level.  Section  of  the  anterior  r-tots  of  thr 
two  first  dorsal  nerves  gives  rise  to  the  oculo-pupillary,  but  not  to  tha 
vasculo-thermal  phenomena ;  'while  on  the  other  hand  division  of  lh« 
ascending  filaments  of  the  thoracic  sympathetic  between  the  second  and 
fourth  ribs  (in  dogs)  produces  the  latter  without  the  former.  Bernard 
consequently  inferred  that  the  centres  of  the  oculo-pupillary  and  vaw- 
motor  fibres  exist  at  different  levels  in  the  cord.  Budge  first  pointed  out 
that  the  pupillary  fibres  issue  firom  the  spinal  cord,  iu  the  region  ei- 
tending  from  the  point  of  exit  of  the  sixth  cervical  to  that  tf 
the  second  dorsal  nerve,  and  he  consequently  named  this  rvgioo  tb* 
e«ntnim  cilio-»{ni%ale  inferitu.  Budge  believed  that  there  waa  a  aeoood 
centre  situated  higher  up  in  the  cord,  which  was  connected  with  tilt 
hypoglossal  nerve  by  a  communicating  filament,  and  this  he  named  the 
centrum  cilio-spinale  supuriiu.  Claude  Bernard,  on  finding  the  iufluaoo* 
of  Budge's  inferior  centre  on  the  pupil  and  eyeball,  named  it  "  eei%tntm 
oculo-pupillare." 

Contraction  of  the  pupil  after  section  of  the  cervical  sympathetic  a 
attributed  to  paralysis  of  the  dilator  pupilloD  (paralytic  myoaia) ;  whila 
dilatation  of  the  pupil  (mydriasis),  on  irritation  of  the  sympathetic,  it 
attributed  to  contraction  of  this  muscle.  The  exophthalmos,  following 
irritation  of  the  sympathetic,  is  usually  referred  to  the  action  of  the  ud- 
striped  muscle  of  the  orh'\t( mtuculiu  orbitalU),  discovered  by  U.  Miiller,  and 
situated  in  the  neighbourhood  of  the  inferior  orbital  fissure.  This  muscle, 
although  imperfectly  developed  in  man,  is  an  important  structure  in  ninii- 
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^antg  and  receives  its  nerve  supply  from  the  sphono-palatine  ganglion  ; 
Bd  contraction,  it  throws  the  globe  of  the  eye  forwards.    Miiller  also  dis- 
covered other  unatri{>ed  muscles  in  the  upper  and  lower  eyelids  of  men, 
and  the  mammalia,  which,  by  their  contraction,  take  part  in  the  enlarge- 
ment of  the  palpebral  fissure,  and  in  the  protrusion  of  the  globo  referred  to. 
After  division  of  the  cervical  sympathetic,  the  eye  if  drawn  iiiwardu, 
caused  by  paruais  of  the  external  rectus,    this  muscle   being  BuppUed 
both  by  the  abducens  nerve  and  by  filaments  from  the  ascending  branches 
of  the  superior  cervical  ganglion.     Some  authors  think  that  the  Mym- 
pathetic  exercises  a  tonie  influence  on  all  the  voluntary  muacUt  of  the  tye, 
and  attribute  several  of  the  oculo-pupillary  phenomena  to  the  abaenoe  of 
this  tonic  influence  when  the  sympathetic  is  divided, 

3.  Trophic  and  Secretory  Fibres. — Irritation  of  the  sympatbetio  is 
followed  by  contraction  of  the  vessels  of  the  salivary  glands,  and  provokes 
a  secretion  which  is  rich  in  the  specific  elements  of  saliva.  Luilwig  ha* 
shown  that  when  the  discharge  of  this  secretion  is  artificially  im[iodod 
the  pressure  in  the  excretory  duct  of  the  gland  may  be  greater  than  in  tho 
arteries  supplying  it ;  hence  it  may  be  inferred  that  the  cervical  sympa- 
thetic contains  special  secretory  branches  for  the  salivary  glands.  After 
extirpation  of  the  submaxillary  ganglion  a  continuous  secretion  occum, 
which  may  be  increased  by  irritation  of  the  organs  of  taste,  but  which 
speedily  abates  on  the  occurrence  of  structural  alteration  in  the  gland. 

The  nasal  mucous  membrane  appears  to  be  influenced  in  its  nutrition 
by  the  sym(>atbetio  nerve.  Yulpian  found  that  irritation  of  the  spheno- 
palatiue  gangUou  was  followed  by  increased  secretion  of  the  correspondiog 
side  of  the  nose. 

The  secretion  of  the  lachrymal  gland  appears  to  ba  to  aame  ezt«nt 
under  the  control  of  the  sympathetic. 

Brown-S^quard  found  a  gradual  atrophy  of  the  eye  on  the  side  oiwrated 
on  in  guiuea-pigs  and  rabbits  after  section  of  the  cervical  sympathetic  ; 
but  Eulenburg  and  Guttmann  did  not  find  any  trace  of  opbthalcoia  or 
atrophy  of  the  eye  in  dogs  one  and  a  half  mootha  after  the  united  vagus 
and  sympathetic  were  cut  Brown-S^iuaitl  states  that  within  a  few  months 
after  division  of  the  cervical  syinpttthetic  in  guinea-pigs  and  rabbiti 
he  observed  atrophy  of  the  coiTVsponding  half  of  the  brun.  Vulpiari 
rabseqnently  obtaioed  Uw  auM  reaolu. 

4.  Oardiae  Exeiio-Motor  Brandua. — (a)  A«celerating  fibrw  fior  tba 
heart  which  pass  in  the  Mperior,  nuddle,  tad  inierior  cardiac  uuim  pf 
the  sjmpatlMtie.  TIm  lovMi  eerrical  poglion,  aa  well  ■•  the  Mghaat 
thoracic  gH^on,  "tMy*^  ifmnlwitiin  fibraa  to  tb*  hasft  thnogft  the 
third  brucfa  ct  tiie  gut^&foa.  (h)  Tha  fait  asd  aaecod  hnotitm  an  tlw 
roota  of  the  depveanr  ama. 

5.  nbrea  jKtwmAimg  to  tha  aa«bri>«piiial  orcan  whieh  call  into 
activity  the  eardiae  iaMbUerf  mmimakm. 

6.  Kbna  proeeadnf  to  tha  mukn^wfiati  oigw  «Wab  aHmolala  the 
vaao-iDotor  emtn  (fnaaor  ifanaji 
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'VS 


Fio  W  (Reduced  from  Flower).     Superior  Ctrvieal  Oangtiua  of  tlu  S]/mfialkiUt : 
connectiotu  aitd  bratuHiti. 

lU  tn  TVC,  Bnmches  of  communication  to  four  upper  cervickl  nervet. 
PS,  „  „  potroaal  ganj^lion. 

Vr,  ,,  .,  ganglion  of  root  of  pnou 

y,  ,,  „  ganglion  of  trunk  uf  p 

H,  „  „  oypoglosaal  uorvc. 

CP,  Carotid  plexua. 
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C'P,  CaTemotM  plexus. 

CA,  Branches  accompanjring  mtemal  carotid  artery. 

OGr,        ,,         to  ophthalmic  ganglion. 

(A,  To  tympanic  branch  of  glosao-phoryngeal. 

3,  to  third  nerve. 

4,  ,,  fourth  nerve. 
6,  ,,  fifth  nerve. 
0,  „  sixth  nerve. 

V,  Vidian  nerve  to  Bpheno-pslatine  f^nglion. 

Sp,  Large  superficial  petrosal  from  facial  nerve. 

EAC,  Accompanying  oranchea  of  external  cttrotid  artery. 

FP,  Pharyngeal  plexus,  formed  by  anion  with  branchej  of  vagiu  and  glouo- 

phar^geal  nerrea. 
8G,  Sapenor  cardiac  nen-o. 

H^  The  Middle  Cervical,  or  Th)troid  Oanglion. 

VVC  to  yiO,  Branches  of  communication  with  fourth,  fifth,  and  sixth  cervical 
nerves. 
IT,  Inferior  thyroid  branches. 

tMC,  Middle  cardiac  nerre. 
BL,  To  recurrent  lorynge^ 
TKe  Inferior  Cervical  C/angtUm. 
VIIO  to  VIIIO,  Branches  of  communicatioa  with  seventh  and  eighth  oervical 

I  nerves. 

IC,  Inferior  cardiac  nerve. 
CP.  Cardiac  plexus. 
GW,  Ganglion  of  Wrisberg. 
LCP,  Posterior,  or  left  coronary  plexus. 
HCP.  Anterior,  or  right  coronary  plexus. 
CRL,  Cardiac  branches  from  pneumogastrio  or  reoorrent  laryngeal  nerves. 
APP,  To  right  anterior  pulmonary  plexus. 
I<PP,  To  left  anterior  pulmoDnrv  plexus. 
ID  to  III),  Branches  of  oommunicatiun  from  the  firat  to  the  twelfth  dotval  nerves, 
a,  a.  To  aorta,  Tertebroe,  waophagus,  and  posterior  pulmonary  pleioa. 
GSN,  Great  splanchnic  nerve. 
888,  Small  spi&nchmc  nerve. 
SSN',  Smallest  splanchnic  nerve. 
D,  Diaphn^m. 
PN,  Phrenic  nerve. 
SP,  Epigastric,  or  solar  plexus. 
CLP  Cceliac  plexus 
C«,  Cystic  plexuH. 
GSD,  Gostro-duodenal  plexus. 
0 1 P,  Gastric  or  coronary  plexus. 
Vff,  Pyloric  plexus. 
SpP,  splenic  plexun. 
LG«E,  Ijeft  gastro-epiploic  plexus. 
Per,  Pancreatic  plexus. 

HpP,  Hepatic  plexus.  , 

V  ,  Branches  from  pneumogaatnc. 
DmP,  Diaphragmatic  plexus. 
SG,  Semilunar  ganglion. 
SKnP,  Supra-renal  plexus. 
RnP,  Renal  plexus. 
SpP,  Spermatic  plexus. 
SMI*,  Superior  mesenteric  plexus. 
Mcc,  Middle  colic 
£<;«,  Right  colic. 
Xee,  Ileo-colic. 
AP,  Aortic  plexus. 

IMP,  Inferior  mesenteric  plexus. 
LCI,  Left  colic  plexus. 
Si,  Sigmoid  plexus. 
SUm,  Superior  hiemorrhoidol  plexus. 
IL  to  VL,  Branches  of  communication  with  the  five  lumbar  nerves. 
IS  to  VS,         ,,  ,,  „  live  sacral  nerves. 

O, ,,  „  ),  nnrovoreol  nerve. 

[pelvic  vUcjwik. 


HP,  Hyi»^astric  plexus. 

lUP,  Pelvic,  or  inferior  hypogastric 
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§  308.  Tlioracic  and  Abdomirud  Parts  of  tlu  Sympathetic 

System. 

The  superior  thoracic  gaDglion  (ganylion  ttellatum)  conducts  accelerating 
librea  to  the  heart,  which  reach  the  ganglion  by  way  of  the  cerrical 
Bympathetio  cord  and  the  root  accompauying  the  vertebral  arterjr  (Voo 
Bezold  and  Bever). 

The  cardiac  plezua  ia  constituted  of  fibres  passing  to  and  from  the 
heart,  and  belonging  to  the  vagus,  depressor,  and  sympathetic  ner^'ea. 

The  splanchnic  nerves  contain  the  following  fibres  : — 

1.  Inhibitory  fibres  for  the  intestine.  Irritation  of  the  splanchnic  in 
animals  arrests  the  movements  of  the  intestines. 

2.  Accelerating  fibres  for  the  intestine,  surmised  from  the  effect  of  pott- 
mortem  stimulation  (Hermann). 

3.  Fibres  inhibiting  the  renal  secretion. 

4.  Vaso-motor  fibres  for  the  va&cular  regions  of  the  abdomen. 

5.  Centripetal  fibres,  which  inhibit  the  heart  in  a  reflex  manner, 
situated,  in  the  frog,  in  the  sympathetic  cord  (Bernstein). 

6.  Fibres,  irritation  of  which  causes  the  appearance  of  sugar  in  the  ahoe. 
Irritation  of  the  plexuses  of  the  sympathetic  situated  in  the  abdomen, 

A-t  well  as  irritation  of  the  cord,  causes  increased  movements  of  the  in- 
testines, bladder,  ureters,  uterus,  vesiculio  seminales,  and  spleen.  Sectioo 
or  extirpation  of  the  sympathetic  cord  and  plexuses  produces  chiefly  cir- 
culatory and  nutritive  disturbance.  The  supra-renal  capsules  are  voy 
rich  in  nerves,  and  contain  in  their  interior  cells  resembling  ganglion  oelU. 
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DISEASES   OF   THE    CERVICAL    PORTION    OF    THE 
SYMPATHETIC. 

The  causes  which  give  rise  to  functional  disturbances  of  the 
cervical  sympathetic  are: — (I.)  Compression  by  tumours ;  (II.) 
Injuries  ;  (III.)  Injury  or  disease  of  the  cervical  part  of  the 
spinal  cord  ;  (IV.)  Functional  disturbances  to  which  no  cause 
can  be  a.ssigned. 

(I.)-COMPKESSION   BY   TUMOURS. 

§  309.  Compression  of  the  Cervical  Sympathetic  Nerves  by 
Tumours. — A  case  is  reported  by  Dr.  Ogle  in  which  the 
cervical  sympathetic  waa  compressed  by  a  large  carcinomatous 
growth  in  the  neck,  giving  rise  to  contraction  of  the  pupil  on 
the  aflected  side,  and  similar  cases  have  been  recorded  by 
Heineke  and  Verneuil.  In  another  case  recorded  by  Dr.  Ogle 
compression  of  the  sympathetic  ou  the  right  side  was  caused  by 
a  cicatrix,  and  on  the  side  affected  there  was  contraction  of  the 
pupil,  flattening  of  the  cornea,  injection  of  the  conjunctiva, 
congestion  of  the  ear  and  neck,  dilatation  of  the  temporal  artery, 
and  elevation  of  temperature  in  the  cavities  of  the  mouth  and 
nose.  Willebrandt  observed  contraction  of  the  pupil  in  cases 
of  glandular  swelling  in  the  neck,  which  returned  to  its  normal 
size  when  the  tumours  were  reduced  in  size  by  the  inunction 
of  iodide  of  potassium.  Compression  of  the  sympathetic  is  not 
uafrequently  caused  by  aneurism  of  the  aorta,  innominate,  and 
carotid  arteries  (Gairdner,  Coates). 

Irritation  of  the  cervical  sympathetic  may  also  be  caused  by 
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the  pressure  of  tumours  and  other  causes,  aod  then  dilatation 
of  the  pupil  either  alone  or  combined  with  pallor  and  decreaM 
of  temperature  on  the  corresponding  side  results.  In  one  of 
several  cases  published  by  Dr.  Ogle  the  phenomena  of  irritation 
and  those  of  paralysis  alternated.  The  symptoms  were  caused 
by  the  formation  of  an  acute  abscess  in  the  neck,  and  when  the 
abscess  was  opened,  the  pupil,  which  was  previously  alternately 
contracted  and  dilated,  gradually  assumed  its  normal  dimen- 
sions. On  two  subsequent  occasions  abscesses  formed  in  the 
same  region  which  were  attended  by  similar  symptoms.  Eulen- 
burg  and  Guttmann  mention  the  case  of  a  patient  suffering 
from  a  vascular  goitre  limited  to  the  right  sida  The  symptoms 
were  extreme  mydriasis,  complete  immobility  of  the  iris,  con- 
siderable exophthalmos,  and  loss  of  the  power  of  accommodA- 
tion  in  the  right  eye,  along  with  persistent  lowering  of  the 
temperature  of  the  auditory  meatus  of  the  same  side.  The 
vaso-motor  are  much  more  transient  than  the  pupillary  symp- 
toms, and  are  frequently  present  only  during  the  first  few 
days  or  hours  of  the  affection.  Vulpian  thinks  that  tbejr  are 
often  overlooked. 

(II.)- INJURIES. 

§  310.  Injuries  to  Oie  Cervical  Sympaihetie. — Weir  Mitchell 
mentions  the  case  of  a  soldier,  who  came  under  his  obserratioi 
ten  weeks  after  a  gunshot  wound  of  the  right  side  of  the  neck. 
The  right  pupil  was  unusually  small,  there  was  myopia  of  the 
right  eye,  slight  ptosis,  apparent  sinking  of  the  outer  an^a^ 
decrease  in  the  apparent  size  of  the  eyeball,  and  redness  of  ihtl 
conjunctiva,  and  the  right  half  of  the  face  became  much  reddsri 
after  violent  exercise,  which  was  followed  by  pain  and  QadMlj 
of  light  in  the  eye  of  the  same  side. 

More  or  less  similar  cases  have  been  recorded  by  KJimff, ' 
Seeligmiiller,  and  Bernhardt. 

Seeligmiiller  also  describes  the  case  of  a  smith,  who  recetTed 
a  severe  blow  over  the  left  supra-clavicular  region,  and  two 
days  later  presented  a  great  dilatation  of  the  left  pupil  The , 
left  palpebral  fissure  was  wider  than  the  right,  and  the  left  > 
ball  pushed  forwards;  while  the  left  side  of  the  head  and  i 
was  paler  than  the  corresponding  parts  on  the  right. 
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(IIL) -INJURY  OR  DISEASE  OF  THE  CERVICAL  PART  OF 
THE  SPINAL  CORD. 

§  311.  Injury  to  the  Sjyinal  Cord  in  the  Keel;  and  to  the 
Brachkd  Plexus. — Hutchinson  observed  contraction  of  the 
pupil  in  injury  of  the  spinal  cord  by  a  fracture  of  the  seventh 
cervical  vertebra.  Rosenthal,  on  the  other  hand,  found  dilata- 
tion of  both  pupils,  along  with  a  remarkably  small  pulse 
(48  per  minute)  and  paralysis  of  the  four  extremities  in  a  man 
who  had  been  stabbetl  in  the  neck  in  the  neighbourhood  of  the 
sixth  cervical  vertebra.  Out  of  a  hundred  cases  of  injury  to 
the  spinal  cord  in  the  neck,  Rendu  found  only  sixteen  in  which 
notice  was  taken  of  the  state  of  the  pupil  In  some  of  these 
the  irritative  and  in  others  the  paralytic  phenomena  pre- 
dominated. 

H  Paralytic  myosis  is  not  uncommon  in  diseases  of  the  spinal 
cord.  Dr.  Ogle  observed  contraction  of  the  pupil  in  five  cases 
of  disease  of  the  cervical  portion. 

H  Hutchinson  observed  myosis,  immobility  of  the  pupil,  nar- 
rowing of  the  palpebral  fissure,  and  a  rise  of  temperature  on 
the  corresponding  side  of  the  face  in  a  case  of  traumatic  paralysis 
of  the  brachial  plexus,  and  Seeligmiiller  subsequently  confirmed 

K  this  observation. 

™  Unilateral  Hyperidrotet. — Cases  in  which  excessive  sweating  limited  to 
one  side  of  the  huad  is  associated  with  the  other  symptoms  of  paralysis  of 
the  sympathetic  are  rare,  but  unmistakable  cases  of  the  kind  have  been 
recorded  by  Chovstek,  Pokrofl'aky,  and  Euleuburg  and  Quttmanu.  The  case 
recorded  by  the  last  observers  was  that  of  a  man  44  years  of  age,  who 
perspired  profusely  on  the  left  side  of  the  face  after  moderate  exercise. 
At  the  same  time  the  left  ear  became  red  and  its  temi>erature  raised, 
the  conjunctiva  on  the  same  side  was  injected,  and  laohrymation  was 
readily  excited  ou  that  side.  All  these  are  paralytic  phenomena,  but 
it  was  remarkable  that  the  left  pupil  was  more  dilated  than  the  right, 
showing  that  the  pupillary  fibres  were  in  a  state  of  irritation. 

OrV.)-FtrNCTIONAL  AFFECTIONS  OF  THE  CERVICAL  PORTION 
OF  THE  SYMPATHETIC. 

1. -CEPHALALGIA    (HEADACHE). 

§  312.  There  is  scarcely  any  disease,  or  symptom  of  disease, 
which  assumes  more  Protean  forms,  and  accompanies  more  varied 
conditions  than  headache.  It  is  doubtful  whether  headache 
ought  to  be  described  under  the  diseases  of  the  sympathetic 
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nerves  ;  indeed,  it  is  certain  tbat  some  forms  of  headache  are  notj 
caused  by  disease  of  this  system  of  nerves ;  but,  inasmuch  as  tba 
vaso-motor  phenomena  give  a  decided  character  to  one  of  th»1 
principal  forms  of  the  aflection — hemicrania — it  will  be  conve-' 
uient  to  describe  briefly  all  kinds  of  headache  in  this  place.    The 
various  forms  of  trigeminal  and  occipital  neuralgia  are  popularl] 
included  under  the  term  headache,  but  these  diseases  mu 
be  excluded  from  any  precise  deSnition  of  the  afiection. 

The  following  varieties  of  headache  may  be  distinguished : 

(1)  An(emic  headache  is  of  a  dull  tensive  character,  usually^ 
affecting  the  temples,  brow,  and  vertex,  and  extending  alonij 
the  sagittal  suture.     It  is  relieved  by  rest  in  bed,  and  the^ 
recumbent  posture,  and  rendered  worse  by  long  mainteDanc«fl 
of  the  erect  posture.    There  is  a  disposition  to  faint,  general 
pallor,  palpitation,  dizziness,  and  uterine  disturbances  in  chlo- 
rotic  females,    All  causes  which  exhaust  the  nervous  system,  u 
anxiety,  night  watching,  and  sexual  excesses,  aggravate  thi* 
form  of  headache. 

(2)  Hyperoimic  headache  usually  affects  the  whole  head, 
the  eyes  are  suffused,  the  carotids  pulsate  strongly,  and  the 
headache  is  accompanied  by  throbbing  and  sensations  of  pressure 
and  weight  in  the  head,  agitation,  hypero^stbesia,  and  iilusioua 
of  the  special  senses.  The  headache  is  sometimes  accompanied 
by  intense  redness  and  heat  of  the  brow  and  vertex. 

(3)  Hysterical  headaclie  is  met  with  in  females,  and  ii 
generally  accompanied  by  other  symptoms  of  hysteria.  Thw 
form  of  headache  is  on  the  one  hand  closely  allied  to  trigeminal 
neuralgia,  and  on  the  other  to  true  migraine.  The  pain  is  some- 
times diffused  and  deep-seated,  but  it  is  more  frequently  limited 
to  one  spot,  and  feels  as  if  a  nail  were  being  driven  through  the 
skujl ;  hence  it  is  called  clavua.  Hysterical  headache  is  in- 
creased in  severity  during  the  menstrual  period  and  by  mental 
worry,  whilst  it  is  removed  by  amusement  and  anything  which 
engages  the  attention. 

(4)  l^ozic  headaches  are  caused  by  various  poisons  circulating 
in  the  blood.  One  of  the  best  examples  of  this  form  of  head- 
ache is  that  which  follows  alcoholic  intoxication.  In  the 
morning   after   a  carouse   a  severe   headache   is  experienc«d, 
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which  is  accompaaied  by  a  feeling  of  pressure  and  weight,  chiefly 
localised  in  the  deeper  parts  of  the  eyes  and  at  the  base  of  the 
braiu.  Severe  headaches  also  follow  the  action  of  narcotics 
and  ancesthetics.  They  are  also  caused  by  over-crowded  rooms, 
and  the  inhalation  of  various  gases,  as  carbonic  oxide  and 
sulphuretted  hydrogen.  Obstinate  cephalalgia  is  one  of  the 
mast  common  symptoms  of  uriemia. 

(5)  Pyrexial  IleculacJie. — Headache  is  also  a  frequent  symp- 
m  of  the  acute  infectious  diseases,  as  scarlet  and   typhoid 

fevers,  and  of  acute  inflammatory  diseases,  as  pneumonia. 
This  form  of  headache  is  probably  a  variety  of  the  congestive 
or  hypenemic  headache,  its  main  characteristic  being  that  it  is 
attended  by  a  febrile  temperature,  while  the  other  symptoms 
with  which  it  is  a&sociated  do  not  indicate  that  an  intracranial 
disease  is  present.  The  headache  is  generally  moderate  in 
intensity,  dull,  deep-seated,  increased  by  stooping,  and  accom- 
panied by  a  feeling  of  lightness  in  the  head,  and  not  unfre- 
quently  by  delirium. 

(6)  Neurasthenic  headache  occurs  in  those  in  which  the 
nervous  system  is  exhausted  by  mental  anxiety  and  worry, 
night  watching,  and  other  depressing  circumstances.  General 
lansemia,  combined  with  circumstances  which  depress  and  exliaust 
the  nervous  system,  is  the  usual  cause  of  this  form  of  head- 
ache. The  pain  is  generally  deep-seated,  heavy,  dull,  and 
oppressive,  but  varies  considerably  in  its  characters.  It  is  often 
attended  by  a  feeling  of  pressure  and  tension  above  the  occiput, 
and  is  at  times  accompanied  by  great  sensitiveness  to  touch 
in  that  region.  The  patient  is  generally  compelled  to  suspend 
for  a  time  all  mental  work. 

(7)  Rheavialic  headache  consists  of  a  violent  and  tearing  pain 
localised  in  the  muscles  of  the  head,  or  in  the  fascia  of  the  occipito- 
frontalis  muscle.  It  is  often  attended  with  marked  tenderness 
of  the  scalp,  and  is  usually  brought  on  by  exposure  to  cold. 

(8)  Gouty  headacJte  consists  of  frontal  pain,  and  is  generally 
attended  by  great  depression  of  spirits,  and  not  unfrequeiitly 
by  giddiness. 

(y)  Sympathetic    Iteadache    may    supervene   on   disease   of 
almost  all  the  peripheral  organs,  although  it  is  most  commonly 
associated  with  diseases  of  the  digestive  and   sexual  organs. 
a 
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The  most  common  form  of  tbis  variety  is  the  browache 
gastric  catarrh,  but  headache  may  accompany  irritation  of  the 
intestinal  canal  or  of  the  uterus  and  ovaries. 

(10)  St/pkUitio  hmdiwhe  is  so  important  as  to  deserve  special 
mention.  An  outburst  of  cerebral  syphilis  is  generally  pre- 
ceded for  many  weeks  by  an  intense  and  persistent  headache, 
The  pain  is  deep-seated  and  severe,  and  is  either  attended  by  ft 
feeling  of  weight  on  the  vertex  or  a  sense  of  constriction  as  ifl 
the  head  were  held  fast  in  a  vice.  The  patient  often  oompaiea 
the  pain  to  that  which  he  imagines  would  be  caused  by  suooes- 
eive  blows  struck  on  the  head  with  a  heavy  mallet.  The  pain 
is  sometimes  distinctly  circumscribed  to  a  limited  portion  of 
the  head ;  but,  as  a  rule,  it  is  more  dififused,  and  may  then 
occupy  either  the  frontal,  temporal,  or  occipital  regions.  It  ^ 
invades  the  whole  head  only  on  rare  occasions.  One  of  tbefl 
chief  characteristics  of  the  headache  is  that  it  is  constant,  ud 
never  completely  intermits,  although  it  is  liable  to  paroxysmal 
exacerbations  of  agonising  intensity.  Even  in  the  slighter  de- 
grees of  the  affection  the  patient  suffers  greatly;  be  becomes 
sad,  morose,  excitable,  and  the  mental  faculties  arc  so  depressed 

aa  almost  to  incapacitate  the  patient  for  any  work.  In  the 
severer  forms  of  the  affection  the  pain  increases  to  the  moit 
agonising  intensity,  and  the  head  becomes  so  sensitive  to  ths^ 
touch  that  the  patient  is  unable  to  lay  it  on  a  pillow.  He  sit*  S 
up  in  bed  grasping  his  head  between  his  hands,  groaning,  or 
even  screaming  out  Syphilitic  headache  is  often  accompanied 
by  an  ephemeral  delirium,  and  in  the  severest  varieties  tbe 
patient  may  become  maniacal. 

Another  characteristic  of  the  syphilitic  headache  is  that  it  U 
liable  to  nocturnal  exacerbations.  The  headache  maybe  tolerable 
during  the  day,  but  it  usually  rises  to  such  intensity  at  night 
that  the  patient  is  prevented  from  sleeping;  so  that  those  who 
suffer  from  syphilitic  headache  usually  assert  that  they  have 
not  slept  for  weeks  previously.  The  nocturnal  exacerbations  do 
not,  however,  always  occur;  and  consequently  an  intense  and  pe^ 
sistent  headache  should  of  itself  suggest  the  possibility  of  syphllil 

(11)  Organic  Headache. — The  severe  headache  which  »^ 
companies  structural  disease  within  the  cranium  may  b«  calM 
organic  headache  (Day).    Intense  headache  of  a  fixed  chaneUr 
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is  one  of  the  most  constant  symptonis  of  iatracranial  tumours. 
Dr.  Hughlings  Jackson  thinks  that  frontal  headache  is  generally 
referrible  to  abdominal  affections,  vertical  headache  to  cerebral 
disturbance,  and  occipital  pains  to  disorders  of  the  circulation, 
and  more  especially  to  ana-raia.  But  the  pain  of  cerebral 
disease  may  be  frontal  or  occipital,  or  it  may  extend  over  the 
whole  head,  although  it  is  more  frequently  deeply  seated  in  one 
spot.  The  pain  is  persistent  and  continuous,  but  liable  to 
paroxysmal  exacerbations  of  great  severity.  It  is  often 
attended  with  tenderness  of  the  scalp,  and  pain  may  be  elicited 
on  percussing  the  skull  over  the  seat  of  the  tumour. 
B  Any  disease  of  the  brain,  or  of  its  membranes,  may  be  asso- 
ciated with  headache,  and  it  is  probable  that  the  pain  is  more 
severe  when  the  cortex  of  the  brain  and  the  membranes  are 
affected  than  when  the  lesion  is  more  deeply  seated.  It  must, 
however,  be  remembered  that  a  deeply-seated  lesion,  attended 
by  increase  of  volume,  such  as  a  cerebral  tumour,  will  also  cause 
irritation  of  the  cortex  and  membranes  of  the  brain.  Head- 
ache is  also  a  constant  symptom  of  inflammatory  and  ulcerative 
processes  in  the  skull  and  adjoining  tissues,  such  as  catarrh  of 
the  frontal  and  sphenoidal  sinuses,  inflammatory  affection  of  the 
scalp,  the  fascia  of  the  occipito-frontalis  muscle,  and  the  peri- 
cranium. It  is  likewise  an  almost  constant  symptom  of  syphilitic 
diseases  of  the  skull,  caries  of  the  petrous  portion  of  the  tem- 
poral bone,  and  certain  lesions  of  the  eye  and  ear. 

Heraicrania  is  the  next  form  of  headache  which  I  shall 
describe,  but  its  importance  is  so  great  as  to  deserve  separate 
and  extended  consideration. 

^H£3<nCRAXIA 
■  (anORAtNE — BICK  bkasache), 

Hemicrania  consists  of  spontaneous  attacks  of  pain  in  the 
ucad  occurring  in  paroxysms,  and  usually  more  marked  on  one 
side  of  the  head,  although  it  may  reach  to  the  opposite  aide. 

^»  §  313.  Etiology. — Like  many  other  nervous  affections  hemi- 
crania is  hereditary,  being  often  transmitted  from  parent  to 
child.  It  very  generally  follows  the  female  line,  being  usually 
transmitted   from   mother  to   daughter.     The   inheritance   of 
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hemicrania    is    not,    however,    always   direct ;    but   a   certaio 
neurotic  tendency  is  transmitted,  of  which  headache  beoomet 
one  of  the  manifestations.      In   families   with    tendencies  to 
neuropathic  diseases  individual  members  suffer  from  migraine^j 
while  others   are  attacked  with  epilepsy,  insanity,  and  otberf 
diseases  of  the  same  class.     The  severest  and  most  intraclabU 
case  of  migraine  that  I  have  ever  seen  was  in  a  lady  wbos 
mother  was  an  epileptic.      The  female   sex   is  affected   wit 
hemicrania  in  about  the  proportion  of  five  to  one  of  the  tnale 
sex.      The  predisposition   to   neuralgias  in   general  is  greater 
among  women  than  among  men,  but  the  disproportion  between 
the  liability  of  the  sexes  is  not  nearly  so  great  in  the  otherfl 
neuralgias  as  in  hemicrania. 

With  respect  to  age,  the  period  of  youth  is  decidedly  favour- 
able to  the  development  of  the  disease.  The  statement  of 
Tissot,  that  a  person  who  is  not  attacked  with  mig^ine  before 
his  twenty- fifth  year  will  be  exempt  from  the  disease  for  Ui« 
remainder  of  his  life,  may  be  accepted  as  a  good  practical 
maxim,  although  it  is  liable  to  considerable  exceptions.  Whea^ 
there  is  a  strong  hereditary  predisposition  to  the  disease  it  may  " 
appear  during  childhood.  The  age  of  puberty  is  especially 
favourable  to  its  development,  and  the  majority  of  cases  of 
hemicrania  make  their  appearance  about  this  time. 

The  influence  of  various  dyscrasitp  in  the  production  oC 
hemicrania  is  not  readily  detected.  Patients  suffering  from 
anaemia,  chlorosis,  constitutional  syphilis,  or  who  have  rheu- 
matic or  gouty  constitutions,  are  liable  to  be  attacked  with 
hemicrania ;  but  it  is  doubtful  whether  they  are  proportionately] 
more  frequently  attacked  than  other  persons.  Hemicrania  j» 
also  met  with  m  those  who  are  subject  to  hysteria ;  but  ihts 
does  not  happen  nearly  so  frequently  as  has  been  supposed.  Tba 
reason  that  the  association  between  hysteria  and  hemicnuiia 
has  been  supposed  to  be  so  frequent  is  that  the  "clavus 
hysterical  patients  has  been  mistaken  for  true  migraine. 

Individuals  engaged    in   occupations   demanding   excean' 
mental   activity  doubtless  suffer  from    hemicrania   more 
quently  than  those  whose  occupations  lead  them  to  exerctw 
their  muscular  system ;  but,  with  this  exception,  hemicraak 
appears  to  occur  with  about  equal  frequency  in  all  profesaioM 
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'  and  ranks  of  life.  Of  the  exciting  causes  of  hemicrania  very 
little  is  known.  It  is,  however,  so  frequently  associated  with 
gastric  disturbance  that  it  has  been  called  sick-headache,  but 
whether  the  digestive  derangement  be  a  cause  or  an  effect  of 
the  headache  is  very  diiEcult  to  determine.  It  is  probable 
that  disturbances  in  the  circulation  of  the  blood  may  be  to  a 
certain  extent  operative  in  the  production  of  the  disease, 
inasmuch  as  women  during  the  time  of  menstruation  are 
specially  liable  to  be  attacked  by  the  disease,  and  it  not 
unfrequently  disappears  after  the  climacteric  period. 

H  §314.  Symptoms. — Hemicrania  consists  of  paroxysms  of  head- 
ache separated  by  intervals  of  shorter  or  longer  duration,  which  are 

^usually  free  from  symptoms.    The  attack  is  frequently  preceded 

^ply  premonitory  symptoms.  From  twelve  to  twenty-four  hours 
before  the  attack  the  patient  feels  depressed  and  weary,  along 
with  a  sense  of  pressure  in  the  head  and  indisposition  to  con- 
tinued work.  The  patient  feels  a  chill  and  nausea,  and  may 
have  attacks  of  yawning  or  sneezing,  and  not  unfrequently  he 
complains  of  musciB  volitantes  and  tinnitus  auriura. 

The  headache  of  migraine  is  often  preceded  by  an  attack  of 
scintillating  scotoma  (§  2U4f).  la  the  case  of  a  young  girl, 
kindly  sent  to  mo  by  Dr.  Sinclair  a  few  days  ago,  the  headache 
was  preceded  by  transitory  heraiopia,  but  the  dark  clouds  which 

^kame  over  one-half  of  the  fields  of  vision  were  not  surrounded 
"by  coloured  spectra.  Each  attack  of  hemiopia  lasted  far  about 
half  an  hour,  and  was  soon  followed  by  severe  hemicranial 
headache.  The  attack  of  scintillating  scotoma  is  often  accom- 
panied by  other  interesting  symptoms.  The  most  usual  of  these 
are  transitory  impairment  of  cutaneous  sensibility,  along  with 
tingling,  numbness,  and  formication.  There  may  also  be  deafness, 
loss  of  taste,  embarrassment  of  speech,  momentary  incoherence, 
transitory  paresis  of  one  of  the  limbs,  vertigo,  and  nausea 

The  characteristic  pain  comes  on  by  degrees  in  the  course  of 
the  day,  and  almost  never  with  the  lightning  rapidity  of  the 
pain  of  neuralgia.  The  patient  generally  wakes  with  the  pain  in 
the  morning,  and  in  these  cases  he  has  not  unfrequently  expe- 

Pxienced  great  drowsiness  the  previous  evening.     The  pain  is  con- 
fined to  one-half  of  the  cranium,  but  it  is  not  generally  strictly 
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so  limited.     It  may  begin  as  a  dull  pain  over  the  forehead,] 
and,  as  it  increases  in  severity,  it  passes  down  to  one  eye,^ 
and  remains  fixed  over  the  temple.    Occasionally  it  is  seated  al 
the  top  or  back  of  the  head.     The  left  side  is  more  frequentljrl 
attacked  than  the  right,   the   frequency   being,   according  to 
Eulenburg,  in  the  proportion  of  two  to  one.     The  attacks  occur 
by  turns  on  each  side  of  the  head  in  some  individuals,  but 
in  these  cases  one  side  of  the  head  is  attacked  oftener  aoil 
more  severely  than  the  other.  Eulenburg  gives  the  name  of  hemi* 
crania  altemans  to  these  cases,  and  he  thinks  that  this  variety  i» 
specially  liable  to  be  associated  with  vaso-motor  disturbances. 

The  pain  is  sometimes  so  violent  as  to  deserve  the  nam«  of 
neuralgia ;  but,  instead  of  being  tearing  or  darling,  as  in  tr 
neuralgia,  patients  describe  it  as  being  dull,  burning,  or  bu 
ing,  and  it  is  frequently  associated  with  an  intense  feeling 
sickness.     With  every  beat  of  the  heart  the  patient  feels  a 
throb  of  pain  in  the  head  ;  and  the  slightest  movement  which  i 
excites  the  circulation,  even  raising  the  head  from  the  pillow,^ 
or  the  exertion  of  talking,  augments  the  throbbing  pain,  bo  that 
it  becomes  almost  unendurable. 

There  is  complete  anorexia,  the  patient  being  usually  unable 
to  swallow  any  food  for  twenty-four  hours  ;  but  this  rule  ia  no 
without  its  exceptions,  since  some  patients  eat  as  usual  Dotiritlk'^ 
standing  the  headache.  Nausea  is  almost  constantly  praseat, 
and  vomiting  is  a  frequent  accompaniment  of  the  disesM 
The  patient  may  also  suffer  from  indistinct  vision,  hemiopia,  or 
muscsB  volitantes,  and  tinnitu.s  aurium  ;  there  is  a  bitter  taste  in 
the  mouth,  which  is  usually  attributed  to  concomitant  derange- 
ment of  the  stomach  or  liver,  but  which  is  much  more  likely  (»]■ 
be  due  to  functional  disturbance  of  the  nerves  of  taste.  ™ 

Painful  points  are  absent  in  true  hemicrania,  although 
sometimes  a  spot  above  the  tuber  parietale  is  tender  on 
pressure.  Cutaneous  hyperalgesia  is  not  an  uncommon  symptom 
during  an  attack  of  migraine ;  the  greater  part  of  the  forehead, 
temples,  and  parietal  regions  being  in  many  cases  very  sensitiTAfl 
to  light  touches,  while  deep  diffused  pressure  affords  relief.        ™ 

Deep  pressure  causes  decided  pain  when  applied  over  ibe 
region  of  the  superior  or  middle  cervical  ganglion  of  the  sym- 
pathetic; and  at  times  when  applied  to  the  spinous  proceaaea  of 
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the  lowest  cervical  and  uppermost  dorsal  vertebrae — the  cilio- 
spinal  region  of  the  cord  (Eulenbiirg). 

It  has  also  been  shown,  by  0.  Berger,*  that  a  morbid  acute- 
ness  of  the  sense  of  touch  {h;/pcrpaclaphe8ia)  may  be  present. 
He  found  that  the  diameter  of  the  circle  of  perception  was  only 
one  line  in  the  frontal  region  of  the  right  or  affected  side ; 
while  it  was  four  lines  at  the  corresponding  point  in  the  oppo- 
site or  unaffected  side.  Variations  of  temperature  of  0  4°  C 
were  perceived  on  the  right  side,  of  OS"  C  on  the  left;  and  the 
electro-cutaneous  test  indicated  increased  sensibility  ou  the 
affected  side. 

§  315.  Varieties. — The  vasu- motor  diaturbaiices  during  the  paroxHyms  of 
bemicrania  are  so  marked  that  they  give  a  decided  character  to  the 
attack.  Three  varieties  of  these  may  be  distinguished.  The  first  form  is 
mainly  characterised  by  vascular  contraction,  hence  the  attacks  in  which 
thia  variety  occurs  are  called  htmicrania  spastica  or  ij/mpathico-tonica ; 
the  second  is  characterised  by  vascular  dilatation,  and  the  attacks  in  which 
this  variety  occurs  as  a  concomitant  symptom  Euleuburg  proposes  to  call 
htmierania  angio-paralytioi  or  lieuro-paralylica ;  and  the  third  variety  is 
a  mixed  form,  in  which  the  symptoms  of  the  sympathico-touic  and  neuro- 
paralytic varieties  alternate.  There  are  cases  of  migraine  which  present 
no  appreciable  local  vaso-motor  disturbances. 

1.  Ucmicrania  spastica  or  Sympathico-toniea. — At  the  height  of  the 
attack  the  face  is  pale  on  the  affected  side,  the  eye  is  sunk,  the  pupil 
dilated,  and  the  temporal  artery  feela  like  a  hard  cord.  The  ear  ou  the 
affected  side  is  pale  and  colder  than  the  other,  the  difierence  in  tempera- 
ture betweeu  the  two  being,  according  to  Eulenburg,  from  0'4°  to  O'ff" 
taken  in  the  external  meatus.  Compression  of  the  caiotid  on  the  affected 
side  augments,  and  on  that  of  the  unaffected  side  diminishes  the  pain. 
The  salivary  secretion  becomes  very  viscid,  and  it  is  greatly  increased  in 
quantity.  Berger  observed  over  two  pounds  discharged  in  a  single  attack. 
The  pain  is  aggravated  by  every  circumstance  which  excites  the  circula- 
tion and  increases  the  arterial  tension.  Towards  the  end  of  the  attack  the 
affected  side  of  the  face  and  the  ear  becomes  reddened,  and  this  is  aooom- 
p&uied  by  a  sensation  of  heat  and  a  rise  in  temperature,  redness  of  the 
conjunctiva,  lachrymation,  and  sometimes  contraction  of  the  pupiL  A 
general  feeliug  of  warmth  is  felt,  the  heart  palpitates,  there  is  vomiting, 
an  abundant  discharge  of  watery  urine,  and  sometimes  even  a  watery 
discharge  from  the  bowels. 

2.  Bemicrania  Anjio- paralytica  or  A'euro-paralyliea. — At  the  height  of 
the  attack  the  affected  side  of  the  face  is  red,  hot,  and  turgid,  the  con- 
junctiva is  injected,  the  pupil  is  contracted,  and  there  is  au  increaaed 

■  Vircbow'i  Arohir,  liz.,  Hrft  3  and  4,  p.  324. 
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secretion  of  tears.  At  times  there  b  narrowing  of  tbt  pAl|>ebrral  fttaim, 
retraction  of  the  globe,  and  a  fulling  of  the  up{>er  lid,  along  with  difficult;  in 
performing  its  movements.  The  ear  on  the  afiucted  side  is  red  and  its  tem- 
perature from  O-i"  to  0  4''  C  above  that  of  the  opposite  ear.  The  temponJ 
artery  is  enlarged  and  Iteats  with  unusual  force.  Compression  of  tfcaj 
carotid  on  the  affected  side  eases,  and  of  that  of  the  opposite  side  •ggim* 
the  pain.  Sometimes  the  radial  artery  is  small  and  contracted,  andl 
pulse  slow,  beating  fmm  48  to  50  times  a  minute,  but  these  sTmptoins  are 
not  always  present.  Towards  the  end  of  the  attack  the  affected  side  of  | 
the  face  becomes  paler,  and  the  other  phenomena  gradually  pass  off. 

3.  77k  mixtd  form  of  the  affection  requires  no  s|iecial  mention.  la  ' 
a  case  observed  by  Berger,  the  ueuro-paralytic  attacks  ran  a  much  mildir  | 
coarse  than  the  spastic  attacks,  and  especially  with  leas  vomiting. 

§  316.  Course,  Duration,  and  Terminatioru. — The  duration 
of  the  attack  of  migraine  is  very  variable.     It  usually  huts  from 
a  few  hours  to  half  a  day,  but  continues  at  times  a  whole  day, 
or  several  days,   with  remissions   and  exacerbations.      If  the 
pain  be  present  on  waking,   it  gradually  wears  off  towardi  j 
evening ;  the  patient  feels  exhausted  and  falls  into  a  sleep,  from 
which    he   awakes  generally   free   from   pain.     IT    it   should 
come  on  during  the  day,  it  gradually  increases  in  seTerity,  and 
sleep  is  rendered  impossible.    It  is  sometimes  aggravated  by  | 
the  recumbent  position,  the  sitting  or  upright  posture  bcinglbel 
only  one  in  which  the  patient  can  endure  his  sufferings,     Tha  ] 
attacks  not  unfrequently  recur  with  great  regularity  at  interrak] 
of  three  or  four  weeks.      In  the  female  sex  the  attacks 
often  coincident  with  the  catamenia,  but  this  is  by  no  me 
always  the  case.     The  intervals  are  as  a  rule  free  from  pain,  if  1 
we  except  a  slight  tenderness  over  the  region  of  the  superior  [ 
cervical  ganglion  and  the  spinous  processes  of  the  superior  cer-  J 
vical  vertebrce.     The  attacks  may  be  aggravated  as  well  as  ia>  | 
duced  by  bodily  and  mental  exertion,  emotional  dislurbjuicei, 
exposure  to  draughts  of  cold  air,  changes  of  temperature,  and 
gastric  disturbances.     The  attacks  not  unfrequently  cease  after 
the  climacteric  period  in  women,  and  after  the  fiftieth  year  of 
age  in  men.     The  symptoms  may  occasionally  disappear  either 
spontaneously  or  under  the  influence  of  remedies  in  young  per- 
sons who  do  not  manifest  a  hereditary  tendency  to  the  affecltoa 

Diaffno»i-8. — In  forming  a  diagnosis  of  the  nature  of  a 
headache,   careful    examination    should   be    directed    to   the 
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external  tissues  of  the  bead  and  to  the  functions  of  the  brain, 
peripheral  nerves,  and  organs  of  special  sense.  A  careful 
examination  of  the  condition  of  the  digestive  organs,  the  heart, 
and  blood-vessels  often  affords  valuable  information  with  respect 
to  the  cause  of  a  headache,  while  a  chemical  examination  of 
the  urine  should  never  be  neglected.  In  obstinate  headaches 
lasting  for  years  an  ophthalmoscopic  examination  should  always 
be  made,  as  the  condition  of  the  fundus  of  the  eye  may  indicate 
the  existence  of  serious  cerebral  disease,  as  tumour,  or  ursemic  or 
other  poisoning.  The  circulatory  and  digestive  organs  should  be 
carefully  examined,  and  the  existence  or  absence  of  hereditary 
predispositon  or  toxic  influences  ascertained.  Valuable  infor- 
mation may  sometimes  be  obtained  by  percussing  the  skull. 

The  prognosis  varies  according  to  the  nature  of  the  cause  of 
the  hea<lache,  and  except  in  the  case  of  organic  headache  it  is 
favourable  as  far  as  life  is  concerned. 

§  317.  Morbid  Anatomy  and  Physiology. — Inasmuch  as 
hemicrania  is  not  a  fatal  disease,  no  aid  need  be  expected  from 
morbid  anatomy  in  the  elucidation  of  its  pathology.  Pain  is 
the  predominant  symptom  of  migraine  to  the  patient,  but  the 

■  most  significant  symptoms  to  the  physician  are  those  con- 
nected with  the  vaso- motor  disturbances,  and  the  oculo- 
pupillary  symptoms. 

In  hemicrania  aympatliico-tonica  there  is  unilateral  tonic 
spasm  of  the  vessels  of  the  head,  such  as  may  be  caused  experi- 
mentally by  irritation  of  the  cervical  sympathetic  or  of  the 
corresponding  half  of  the  cilio-spinal  region  of  the  cord.  The 
other  symptoms  present,  such  as  increase  of  the  salivary  secre- 
tion and  dilatation  of  the  pupil  (spastic  mydriasis),  also  indicate 
irritation  of  the  cervical  sympathetic,  and  this  supposition  is 
much  strengthened  by  the  fact  that  the  region  of  the  superior 
and  middle  cervical  ganglia  of  the  sympathetic  and  the  spinous 
processes  of  the  lowest  cervical  and  uppermost  dorsal  vertebra: 
are  tender  to  pressure  during  the  attack,  and  sometimes  even 
during  the  intervals  of  pain  (Eulenburg).  The  symptoms  of 
hemicrania  angio-paralytica  are  characterised  by  an  opposite 
condition  of  the  vessels  to  that  which  is  present  in  the  spastic 
variety,  due  no  doubt  to  a  diminished  action  of  the  cervical 
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sympathetic  and  of  the  cilio-spinal  centre  of  tije  affected  side. 
The  concomitant  oculo-pupillary  symptoms,  such  as  contractioi 
of  the  pupil  (paralytic  myosia),  narrowing  of  the  palpebi 
fissure,  retraction  of  the  globe  of  the  eye,  occasional  ptosit, 
strengthen  this  conclusion,  inasmuch  as  they  are  the  welU 
known  effects  produced  by  section  of  the  cervical  sympathetic 
in  animals. 

Landois  believes  that  the  retardation  of  the  pulse  preient 
during  the  attack  depends  upon  direct  irritation  of  the  medul 
and  vagi.     Various  other  symptoms  show  that  the  vaso-moi 
centre  is  in  a  state  of  irritation.     The  icy  coldness  of  the  haod>_ 
and  feet,  the  chilly  sensations  felt  over  the  whole  surface  of  thi 
body,  the  suppression  of  perspiration  during  the  attack,  will 
the  exception  sometimes  of  the  affected  side  of  the  bead,  tbi 
contracted  state  of  the  radial  artery,  and  the  increase  of  tiie 
arterial  tension,  may  be  explained  by  irritation  of  the  vaso- 
motor centre.     The  irritation  is  followed  by  a  corresponding 
degree  of  e.xhaustion,  and  then  the  contraction  of  the  peripheral 
arteries  is  followed  by  relaxation;   during  the  latter   stage  of 
the  attack  there  is  an  iocreased  secretion  of  saliva  and  urine, 
and  watery  stools  may  be  passed. 

With  regard  to  the  locality  of  the  pain  in  hemicrania.  many 
authors  regard  it  as  a  variety  of  supraorbital  neuralgia ;  bal 
the  symptoms  of  the  two  affections  differ  from  each  other 
so  many  ways  that  they  can  hardly  be  regarded  as  beloDj 
ing  to  the  same  category.     Romberg  thought  that  the  pain  i 
hemicrania  was  due  to  bypenesthesia  of  the  brain,  and  coi 
sequently  he  called  it  "  neuralgia  cerebralis,"  in  order  to  di 
tinguish  it  from  peripheral  neuralgia  ;  and  although  this  vie 
is  not  accepted  in  its  entirety,  the  opinion  is  gaining  ground 
that  the  seat  of  the  pain  is  within  and  not  without  the  carii 
of  the  cranium.     All  three  divisions   of  the  trigemiaus 
branches  to  the  dura  mater.     The  first  division  gives  off 
nervus  tentorii  of  Arnold,  which  passes  through  the  tentorium 
to  the  sinuses ;  the  second  division  the  branch  which  rung  wil 
the  middle  meningeal  artery;  and  the  third  division  the 
spinosus  of  Luschka  (Fig.  98). 

Numerous  nerves  are  found  in  the  pia  mater,  in  the  A 
plexuses  around  the  vessels,  and  some  of  these  extend  into 
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cortex  of  the  brain.  These  nervcR  originate  partly  from  tlie 
vertebral  and  carotid  plexuses  of  the  Bjropathetic,  and  partly 
from  the  cerebral  nerves,  especially  the  trigeminus,  at  their 
points  of  exit  from  the  cranium.  Very  little  is  known  with 
regard  tp  the  nerves  of  the  arachnoid.  It  is  supposed  by  some 
that  the  seat  of  pain  in  hemicrania  is  to  be  referred  to  the 
intracranial  and  meningeal  branches  of  the  trigeminus  and  the 
other  nerves  which  accompany  the  blood-vessels,  and  not,  as 
Romberg  had  supposed,  to  the  cerebral  mass  itself. 

Fio.  98. 
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Du  Boia-Reymond  thought  the  paia  was  produced  by  irrita- 
tion of  the  vascular  nerves,  due  to  a  tonic  spasm  of  the  rausculat 
coat  of  the  vessels,  and  being  similar  to  the  pain  felt  in  cramp  of  M 
the  calf  or  in  tetanus,  and  in  the  smooth  muscles  of  the  uterus  "J 
during  labour.     This  supposition  would  account  for  the  fact 
that  the  pain  increases  with  the  rise  in  arterial  tension,  and 
that  each  throb  of  pain  corresponds  to  each  pulsation  of  the 
temporal  artery.     Others  believe  that  the  temporary  ana-raia  or 
hyperaemia  of  one-half  of  the  head  acts  as  a  source  of  irritation 
to  some  or  all  of  the  various  sensory  nerves  of  the  head,  th' 
of  the  skin,  pericranium,  and  meninges.     It  is  now  recognised' 
that  either  anoemia  or  liyperrcmia  of  the  peripheral  nerves  is 
one  of  the  most  active  causes  in  the  production  of  varioui 
neuralgias,  such  as  prosopalgia  and  sciatica ;  and  if  variation     i 
in  the  vascular  supply  can  induce  cutaneous  neuralgia,  it  icfl 
thought  probable  that  a  similar  result  may  follow  the  variations 
of  blood  supply  to  the  head  in  hemicrania. 

The  paroxysmal  character  of  hemicrania,  taken  along  with 
the  fact  that  it  occurs  in  the  members  of  families  manifesting 
a  neuropathic  tendency,  and  that  the  attack  is  ofien  preceded 
by  symptoms  such  as  scintillating  scotoma,  closely  resembling 
an  epileptic  aura,  has  led  some  pathologists  to  think  that  thft 
affection  is  closely  allied  to  genuine  epilepsy.  Dr.  Liveing  in 
sists  strongly  upon  the  relationship  between  the  two  affections, 
and  attributes  the  attack  of  migraine  to  "  nerve  storma" 

Dr.  Hughlings  Jackson,  however,  has  given  a  more  scientifie  h 
expression  to  this  theory  by  attributing  the  headache  off 
migraine  to  a  discharging  lesion  from  the  cortex  of  the  brain  in 
the  sensory  area,  or  in  that  part  of  the  sensory  area  which  it 
the  anatomical  correlative  of  the  sensation  of  pain  in  the  head ; 
while  genuine  epilepsy  is  due  to  a  discharging  lesion  of  tbe 
motor  area  of  the  cortex.  But  during  the  attack  of  tnig^iae 
the  nervous  discharge  does  nut  remain  limited  to  the  senMcy 
area,  since  some  is  directed  outwards  to  the  medulla  oblongmtA 
and  cilio-spinal  region  of  the  cord,  causing  irritation  or  paraljau 
of  some  of  these  centres,  and  giving  rise  to  the  vaao-motor  and, 
oculo-pupillary  phenomena  present  during  the  attack. 
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§  318.    Treatment. — Tbe   treatment  of   headache   maj 
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irected  against  either  the  cause  of  tlie  disease,  or  the  pain 
itself  as  a  local  symptom.  In  order  to  fulfil  the  first  indication, 
the  remedies  for  ansemia,  hysteria,  syphilis,  nervous  exhaustion, 
and  for  allaying  local  irritations,  must  be  employed  according 
to  the  nature  of  the  case. 
I  It  is  scarcely  possible  to  adopt  a  causal  treatment  in  the  case 
of  migraine,  inasmuch  as  so  little  is  known  of  the  circumstances 
which  concur  to  induce  an  attack.  The  ordinary  aperient 
medicines  which  are  generally  prescribed  for  the  cure  of  a 
headache  are  useless  in  migraine ;  but  L)r.  Wilks  thinkn  that 
the  act  of  vomiting  occasionally  affords  relief.  The  vomiting, 
however,  does  not  appear  to  act  by  removing  indigestible  sub- 
stances from  the  stomach.  The  effect  seems  to  be  produced 
through  the  nervous  system  ;  hence  this  remedy  cannot  be 
regarded  as  one  directed  against  the  cause  of  the  disease. 
The  direct  treatment  may  be  subdivided  into  that  which  is 
appropriate  during  the  intervals  in  order  to  prevent  the  attacks, 
and  that  which  should  be  adopted  with  the  view  of  removing 
or  palliating  the  attacks  themselves.  Although  the  following 
remarks  are  particularly  applicable  to  the  treatment  of  hemi- 
crania,  yet  the  methods  described  are  useful  in  other  forms  of 
headache. 

The  preparations  of  iron,  especially  the  carbonate,  have  been 
strongly  advocated  by  Hutchinson,  Stokes,  and  others,  and 
of  their  utility  in  the  case  of  patients  who  are  of  weakly  and 
anaemic  constitution  there  can  be  do  doubt.  The  tolerable 
regularity  with  which  the  attack  recurs  hajs  led  to  the  employ- 
ment of  the  so-called  antiperiodic  remedies  in  the  treatment  of 
bemicrania.  The  remedies  of  this  kind  which  have  been 
employed  are  quinine,  quinoidin,  salicin,  and  arsenic,  but  it  i* 
very  doubtful  whether  the  recurrence  of  the  attacks  is  pre- 
vented, or  the  paroxysms  are  rendered  milder.  Strychnia, 
nitrate  of  silver,  sulphate  of  nickel,  bromide  of  potaMium, 
chloride  of  ammonium,  oil  of  turpentine,  and  lupulin  are  other 
remedies  which  have  been  employed,  but  with  doubtful  succcm, 
although  both  the  bromide  of  potamium  and  chloride  of 
ammonium  may  be  found  of  uae  during  the  attack.  Chaly- 
beate springs,  mud  and  sea  hatha  have  each  been  found  aaeful  in 
the  treatment  of  bemicrania,  and  the  aame  may  be  Mid  of  the 
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use  of  hydropathy,  and  of  residence  in  lofty  mountain  regioni ; 
but  all  these  measures  appear  to  influence  the  disease  by  im- 
proving the  general  health. 

In   the  treatment  of  the  attack  every  source  of  external  ^ 
irritation  should  be  removed,  the  room  should  be  moderatelfS 
darkened,  and  all  noises  should  be  prevented.     In  the  aasemic 
form  the  patient  should  lie  flat  on  the  back  with  the  bead  a 
little  raised,  but  in  the  hypera^mic  form  the  patient  usually 
prefers  to  maintain  a  sitting  posture,  and  not  unfrequently  it : 
more  grateful  to  rest  the  head  against  a  hard  substance.    When 
I  was  a  boy,  an  old  servant  in  our  family  suflfered  from  eevcri 
periodical  headache,  which  prevented  her  from  sleeping,  and 
which,  so  far  as  I  can  remember,  had  all  the  characters  of  tru* 
migraine.     Her  remedy  was  to  place  a  stone  flag  on  her  pillo« 
and  by  resting  her  head  on  it  the  combined  hardness  and  coldneat] 
of  the  stone  seemed  to  enable  her  to  sleep,  and  next  morniag  ' 
she  woke  without  headache.     Firm  compression  of  the  bead 
by  a  handkerchief  bound  round  it  is  an  old  remedy,  and  appetn 
to  give  temporary  relief.     The  application  of  cold  may  be  of 
use.    It  may  be  applied  in  the  form  of  a  wet  cloth  bound  round 
the  temples,  an  evaporating  lotion,  or  an  ice-bag,  the  latter  i 
which  is  the  most  effectual.     Compression  of  the  carotid  in 
neck  will  suspend  the  throbbing  pain  for  a  short  time,  but  tl 
effect  is  very  transient,  inasmuch  as  the  blood  finds  its  way  i 
the  brain  through  other  channels. 

Although  quinine  when  given  as  an  antiperiodic  does  not 
appear  to  exert  much  influence  in  preventing  the  paroxysms  of 
pain,  yet  a  dose  of  from  five  to  fifteen  grains  given  once  or 
oftener  may  arrest  an  attack.  The  effect  appears  to  depend 
upon  an  action  on  the  vaso-motor  nerves,  since  it  has  bees 
proved  experimentally  that  quinine  in  large  doses  contracts  the 
arterioles  and  raises  the  arterial  tension. 

Ergot  of  rye,  given  in  half  drachm  doses  of  the  liquid  extract. 
has  also  been  found  exceedingly  useful  in  arresting  an  attack 
migraine;  and  probably  acts  on  the  principle  of  contracting 
blood-vessels.     This  remedy  is  therefore  adapted  for  tliis 
raent  of  the  angio-paralytic  variety. 

Dr.  Ringer  speaks  highly  of  cannabis  indica,  and  couuidenl 
one  of  the  most  valuable  remedies  we  possess  for  sick  headache; 
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i  thinks  that  it  is  most  useful  in  preventing  the  attacks,  not  in 
arresting  them  when  they  have  once  begun.  From  a  quarter 
to  half  of  a  grain  of  the  extract  or  ten  minims  of  the  tincture 
may  be  given  three  times  a  day.  It  may  be  combined  with 
iron  or  aloes.  Caffeine  is  another  remedy  which  appears  to 
act  by  stimulating  the  vaso-motor  nerves.  It  may  be  given 
in  the  form  of  strong  infusion  of  tho  ground  bean ;  but  it  is 
much  more  effectual  to  give  the  alkaloid  itself.  A  citrate  of 
caffeine,  which  is  merely  a  mechanical  mixture  of  caffeine  and 
citric  acid,  is  a  useful  mode  of  administration,  or  the  alkaloid 
may  be  given  subcutaneously.  The  citrate  of  caffeine  may  be 
given  in  doses  of  one  grain  every  hour  for  some  time  before 
the  expected  paroxysm.  Guarana  has  been  recommended  by 
Dr.  Wilks,  ami  I  have  occasionally  found  it  useful,  but  as  its 
active  principle  ia  identical  with  caffeine  it  is  probable  that  it 
is  not  in  any  way  superior  to  coffee  or  its  alkaloid. 

Nitrite  of  amyl  produces  a  beneficial  effect  in  the  sym- 
pathico- tonic  form  of  the  disease.  Berger  was  the  tirst  to 
employ  nitrate  of  amyl  inhalation  in  bemicrania,  in  a  case  of 
the  spastic  variety,  and  the  pain  vanished  almost  instantly,  and 
did  not  return  that  day.  Other  observers  have  since  found 
that  this  agent  produces  a  temporary  palliation,  but  that  the 
pain  returns  io  most  instances  after  some  time.  Considerable 
care  is  requisite  in  inhaling  the  nitrite  of  amyl.  It  will  be 
sufficient  to  inhale  one  or  two  drops  on  a  handkerchief  at 
first,  and  then  the  dose  may  be  iucreased  to  three  or  five 
drops,  and  if  necessary  the  inhalation  may  be  repeated  after 
a  short  time.  Meyer  recommends  the  inhalation  of  carbonic 
oxide  gas,  which  also  paralyses  the  vaso-motor  nerves,  but 
great  caution  is  necessary  in  using  so  strong  a  poison.  Croton 
chloral  hydrate  is  a  useful  remedy,  and  although  it  does  not 
always  arrest  the  paroxysm  of  migraine,  it  is,  so  far  as  my 
experience  goes,  the  most  generally  useful  remeily  which  can  be 
administered  during  the  attack.  I  always  give  it  in  five  grain 
doses  every  four  hours  till  relief  is  obtained ;  but  it  may  be 
administered  in  one  large  dose  of  fifteen  grains. 

Chloral  hydrate,  bromide  of  potassium,  and  chloride  of  am- 
monium may  also  be  given  during  the  attack,  the  latter  agent 
being  a  particularly  valuable  remedy  in  many  forms  of  head- 
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acbe.  Dr.  Anetie  thought  the  best  means  of  arresting  a  aicic 
headache  was  to  give  twenty  grains  of  chloral,  and  make  the 
patient  plunge  his  feet  into  very  hot  water  and  mustard  and 
breathe  the  steam.  Morphia  and  other  narcotics  may  be  em 
ployed,  but  their  effects  in  migraine  are  not  so  strikinglj 
beneficial  as  in  neuralgia. 

The  constant  galvanic  current  is  one  of  the  most  powerful 
remedies  which  we  possess  in  hemicrania.     Hoist  was  the  first 
to  carry  out  a  rational  and  methodical  method  of  applying  i^H 
According  to  this  method,  one  electrode,  which  is  made  long^ 
and  narrow  and  with  a  considerable  surface,  is  placed  at  the^ 
inner  edge  of  the  sterno-cleido-mastoid  muscle,  over  the 
vit-al  part  of  the  sympathetic,  the  other  being  placed  on 
palm   of   the   hand.     The  pole  on  the  neck  is  made  positive 
in  hemicrania  sympathico-tonica,  from  ten  to  fifteen  element 
being  used,  and  the  Current  is  suddenly  closed,   and   »(ier 
passage  of  two  or  three  minutes  it  is  gradually  stopped.    The' 
pole  on  the  neck  is  made  negative  in  hemicrania  angio-pon- 
lytica,  and  the  current  is  not  only  suddenly  closed,  but  it 
made  to  produce  powerful  excitations  by  means  of  repeate 
clo.sures  and  openings,  or  in  some  cases  by  reversals.     Thi 
treatment  usually  brings  a  sense  of  comfort  and  relief  in  a  ver 
short  time,  and  in  some  cases  it  appears  to  produce  a  lengthen- 
ing of  the  intervals  between  the  attacks.    Other  authors  prefe 
to  pass  the  constant  current  continuously  through  the  head. 

The  induced  current  has  been  recommended  by  Frominhold 
and  Fieber.     The  former  prefers  the  primary  induced  current 
and  applies  one  of  the  poles  high  up  the  back  of  the  neck 
the  median  line  ;  and  the  other  upon  the  forehead,  or  over  tbt 
superciliary  arch.     Fieber  employs  the  "electric  hand."     Th« 
patient    takes   one    conductor   in  his  hand,  and  the  operator 
holds  the  other  in  his  left  hand  while  be  applies  the  palm  a|H 
his   right   hand  firmly  upon  the  patient's  forehead,  which  ifT 
previously  wetted. 


&— GRAVES*  DI8EA8K  (MORBUS  BASEDOWIt,  KXOPHTHAUIIC  OOrTRICX 

The  three  prominent  symptoms  of  Graves'  disease  are  palpi-^ 
tation,  enlargement  of  the  thyroid  gland,  and  exophtbalmoa. 
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§  319.  Etiology. — Sex  is  one  of  the  most  powerful  predis- 
p^jsing  causes  of  the  disease,  inasmuch  aa  it  affects  the  female 
twice  as  often  as  the  male  sex. 

With  regard  to  age,  the  middle  period  of  life,  between  puberty 
and  the  climacteric  period,  is  affected  with  especial  frequency. 
The  disease  is  rare  in  childhood;  yet  it  has  been  met  with  in  a 
girl  of  two  and  a  half  years.  Rosenberg  observed  it  in  one  of 
seven  years,  Solbrig  in  a  boy  of  eight,  and  Trousseau  in  one  of 
fourteen  years.  It  is  rare  beyond  the  climacteric  period,  yet 
Stokes  observed  the  disease  in  a  woman  of  sixty  years  of  age. 

Hereditary  predisposition  appears  to  exert  a  certain  amount 
ttf  influence  in  the  production  of  the  disease.  In  the  case  just 
mentioned,  as  having  been  related  by  Solbrig,  in  a  boy  of 
eight,  the  mother  is  said  to  have  suffered  from  the  disease. 
But  if  the  influence  of  direct  inheritance  is  doubtful,  there  can 
be  no  doubt  of  the  influence  exerted  by  a  neurotic  predisposi- 
tion. The  disease  is  frequently  associated  with  hysteria, 
epilepsy,  and  mental  diseases. 

Chlorosis  and  autemia  with  their  associated  menstrual  distur- 
"bances  have  been  supposed  to  act  as  powerful  factors  in  inducing 
the  disease ;  but  it  is  iiuich  more  probable  that  the  anaemia  of 
Graves'  disease  is  the  result,  and  not  the  cause  of  the  affection. 

Various  kinds  of  injuries  have  been  known  to  have  produced 
the  disease.  The  most  usual  of  these  are  mental  excitement, 
violent  fright,  and  injuries  to  the  head.  Climate  may  possibly 
exert  some  degree  of  influence  in  the  protkiction  of  the  affec- 
tion. Lebert  states  that  it  is  more  common  in  North  Germany 
than  in  Switzerland  and  France,  and  it  appears  to  be  more 
Mfrequent  in  England  than  on  the  continent. 

m  §  320.  Symptovw. — The  disease  usually  develops  slowly  and 
gradually,  but  when  it  is  caused  by  emotional  disturbances  or 
injuries,  it  may  begin  suddenly,  all  the  symptoms  appearing  in 
a  few  days.  Peter  describes  the  case  of  a  woman,  observed  by 
["rousaeau,  in  whom  the  disease  was  developed  in  the  course  of 
"^a  single  night  as  a  result  of  profound  grief  for  the  death  of  her 
father.  Her  nose  bled  profusely  during  the  whole  of  the  night 
referred  to. 

^K     In  a  few  cases  of  sudden  origin  the  disease  runs  an  acute 
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course,  and  recovery  may  take  place  in  a  short  time.     In  tli« 
boy  observed  by  Solbrig  recovery  was  complete  in  ten  daya 

Graves'  disease  may  sometimes  be  preceded  by  various 
nervous  symptoms,  like  those  of  hysteria  or  epilepsy.  Palpita- 
tion is  usually  the  first  symptom  of  the  disease,  and  occurs  at 
first  only  at  intervals,  but  after  a  time  becomes  habitual.  The 
pulse  is  always  much  accelerated.  In  the  lighter  cases  it  may 
average  from  90  to  120  beats  per  minute,  but  it  may  rencb 
200  beats,  and  at  times  it  may  be  so  rapid  that  it  cannot  be 
counted.  The  ordinary  remedies  for  lowering  the  pulae  often 
produce  no  effect.  The  palpitations  and  accelerated  pulse  are 
occasionally  absent  Physical  examination  of  the  heart  occa- 
sionally reveals  a  systolic  murmur,  which  is  probably  oft^^H 
indicative  of  anemia.  ^^M 

Other  phenomena  which  are  usually  present  are  epigastric  and 
occasionally  hepatic  pulsation,  increased  beating  and  visible 
pulsation  in  the  carotids  and  their  larger  branches,  especially 
the  thyroid  arteries,  while  a  soft  blowing  murmur  may  be 
heard  in  them  on  auscultation  even  before  the  swelling  of  the 
thyroid  gland  is  developed.  The  retinal  arteries  may  be  seen 
to  pulsate  on  ophthalmoscopic  examination. 

Lebert  regards  the  hepatic  pulsation  as  arterial,  and  it 
most  frequently  felt  over  the  right  lobe  of  the  liver ;  hence 
is  not  likely  to  be  mistaken  for  the  epigastric  pulsation. 

When  the  symptoms  of  disordered  circulation  have  lasted  for 
some  weeks  or  mouths,  the  swelling  of  the  thyroid  gland,  which 
forms  the  second  great  feature  of  the  disease,  becomes  dere> 
loped.  It  usually  appears  in  the  form  of  a  soft  elastic  swdling, 
uniformly  distributed  over  the  whole  thyroid  glanJ.  Occa- 
sionally one  lateral  lube  only  is  atfected ;  and  at  other  timet, 
although  both  lobes  are  involved,  one  is  more  swelled  than 
the  other.  The  swelling  occasionally  appears  before  the  pal- 
pitation, and  still  more  rarely  it  ia  absent  altogether.  The 
surface  of  the  tumour  is  generally  covered  by  dilated  veins, 
and  a  distinct  thrill  is  communicated  to  the  palm  of  lh« 
hand  when  it  is  laid  upon  it ;  and  auscultation  reveals  load 
blowing  sounds,  generally  increased  during  the  cardiac  systola 
These  symptoms  may  diminish  or  disappear,  while  the  tumi 
assumes  a  somewhat  firmer  consistence.     The  swelling 
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thyroid  gland  is  seldom  large,  and  the  size  of  the  tumour  is 
subject  to  frequent  changes,  the  swelling  being  increased  by 
emotional  disturbances  and  during  pregnancy.  In  some  cases 
each  attack  of  palpitation  is  accompanied  by  enlargement  of 
the  thyroid  gland,  which  disappears  when  the  attack  is  ended  ; 
while  in  other  coses  the  tumour  may  be  observed  to  increase 
and  decrease  according  to  the  force  of  the  beat  of  the  heart. 

Exophtludmoa  makes  its  appearance  soon  after  the  swelling 
of  the  thyroid  gland,  and  occasionally  before  it,  and  still  more 
rarely  it  may  precede  both  the  palpitations  and  the  swelling. 
The  exophthalmos  is  almost  always  bilateral,  but  sometimes 
appears  earlier  in  one  eye  than  in  the  other,  and  often  it  is 
not  equally  developed  on  both  sides.  In  a  case  observed  by 
Dr.  Yeo  the  enlargement  of  the  thyroid  and  the  exophthalmos 
presented  a  decidedly  unilateral  character ;  the  goitre  being  on 
the  right,  and  the  exophthalmos  on  the  left  side.  In  some  few 
cases  the  exophthalmos  is  absent,  while  in  other  cases  it  forms 
the  only  symptom  of  the  disease. 

The  degree  of  exophthalmos  varies  greatly.  At  times  there 
18  only  a  slight  prominence  of  the  eyeball ;  while  at  other  times 
it  is  so  excessive  that  no  part  of  the  globe  is  covered  by  the 
eyelids,  and  even  luxation  of  the  globe  may  take  place.  The 
prominent  eyeball  has  an  unusual  lustre,  caused  partly  by  the 
prominence  of  the  globe,  and  partly  by  the  fact  of  a  rim  of 
the  sclerotic  coat  being  visible  round  the  whole  of  the  cornea. 
If  the  deformity  be  of  long  standing,  there  is  either  partial  or 
complete  loss  of  mobility  of  the  eyeball,  which  gives  a  peculiar 
stififaess  to  the  expression  of  the  patient.  The  exophthalmos 
may  sometimes  be  diminished  by  slight  pressure  on  the  eyeball ; 
at  other  times  it  increases  or  disappears  proportionally  to  the 
force  of  the  pulsations  of  the  heart. 

Von  Graefo  has  pointed  out  that  in  the  act  of  looking  up  or 
down  the  upper  lid  loses  its  power  of  moving  in  harmony  with 
the  eyeball,  a  phenomenoa  which  must  be  regarded  as  a  very 
valuable  diagnostic  sign  of  the  disease.  This  symptom  had, 
indeed,  been  previously  described  in  graphic  language  by 
Charlotte  Bronte  in  Shirley : — "  Certainly  Miss  Maun,"  she 
said,  "  had  a  formidable  eye  for  one  of  the  softer  sex ;  it  was 
prominent,  and  showed  a  great  deal  of  the  white,  and  looked 
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as  Bteadily,  as  unvnnkingly,  at  you  as  if  it   were  a  rteel 
ball  soldered  in  her  head."     Dr.  Gowers  has  shown  that  lUe 
movements  of  the   eyelids  are   partly  independent  of  direct 
muscular  action.     The  cornea  being  more  convex  than  the  rest 
of  the  globe,  a  slight  sulcus  is  formed  where  it  joins  the  sclerotic 
coat.    The  rims  of  the  eyelids,  especially  that  of  the  upper  one, 
are  clo.sely  adapted  to  this  sulcus,  as  they  cross  along  the 
superior  and  inferior  margins  of  the  cornea,  and  when  the  eyeB 
are  directed  downwards  the  edges  of  the  superior  hds  msuntun 
their  position  in  the  sulci,  and  the  lids  are  therefore  dragged 
down  over  the  eyeballs,  and,  conversely,  they  are  thrust  upwards 
when  the  visual  axes  are  directed  to  objects  above  tlie  horizontal 
line.     When  the  eyeballs  become  prominent  the  normal  rela- 
tions between  the  corneal  sulci  and  the  margins  of  the  eyelids 
are  lost,  and  it  may  be  supposed  that  what  may  be  called  the 
mechanical  movements  of  the  eyelids  cease,  although  the  purely 
muscular  movements  may  still  be  retained.    But  this  explanation 
is  insufficient,  because  the  movements  of  the  lids,  as  has 
pointed  out  by  Yon  Graefe,  are  unaffected  in  the  exophthAllBO* 
which  results  from  tumours  of  the  orbit  and  other  causes. 

Disturbances  in  the  nutrition  of  the  globe  occur  in  consequence 
of  the  exoph  thalmos  and  the  defective  power  to  depress  the  uppei 
lid.  lu  ordinary  cases  the  conjunctiva  alone  is  affected ;  it  becomi 
dry,  the  veins  become  distended,  and  attacks  of  conjanctivitiii 
supervene.     In  severe  cases  the  nutrition  of  the  cornea  suffen^j 
the  symptoms  being  somewhat  similar  to  those  of  neuro-paral; 
ophtbaliaia. 

The  power  of  accommocUition  is  usually  unaffected  in  thi 
disease,  although  it  is  soaietimes  weakened,  owing  to  deficient 
mobility  of  the  globe.     Ophthalmoscopic  examination  generally 
shows  a  dilatation  and  increased  tortuosity  of  the  retinal  vein 
along   with   visible   pulsation  in   the  arteries.     The  pupil 
generally  unaltered. 

Slight  elevation  of  the  temperature  of  the  body  can  generally 
be  detected  by  careful  measurement.     Paul,  Teissier,  Cheadli 
and  Eulenburg  have  found  an  elevation  varying  from  05°  to  1*0, 
while  Charcot  and  Dumont,  on  the  other  hand,  report  case* 
which  the  temperature  was  entirely  normal.    Patients  generally 
suffer  from  a  sense  of  heat  which  is  out  of  proportion  to 
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dual  elevation  of  temperature,  and  it  is  sometimes  so  dis- 

'  tressing  as  to  lead  the  patients  to  throw  off  their  clothes.    This 

sense  of  heat  is  often  accompanied  by  an  increased  secretion 

of  sweat.     Reynaud  has  directed  attention  to  the  connection 

I    between  exophthalmic  goitre  and  leucoderma.     In  five  cases  col- 

Blected  by  him  patches  of  leucoderma  appeared  on  various  parts 

"  of  the  body. 

Graves'  disease  is  sometimes  complicated,  as  already  noticed, 

with  other  severe  nervous  affections,  such  as  hysteria,  epilepsy, 

and  insanity ;   but,  in  the  absence  of  these  grave  disorders, 

patients  manifest  a  changeable  and  emotional  disposition,  being 

I     subject  to  alternations  of  excitement  and  depression. 

H     Patients  often  complain  of  severe  headache,  sometimes  limited 

^to  one  side,  a  feeling  of  dizziness,  weakness  of  thought  and 

memory,  along  with  inability  to  work  and  sleeplessness.    Usually 

there  is  complete  anorexia,  occasional  vomiting  and  consequent 

emaciation,  but  in  some  few  cases  the  appetite  is  excessive. 

With  the  exception  of  the  few  cases  which  run  an  acute 
course,  the  duration  of  the  disease  is  always  very  protracted. 
Sometimes  complete  recovery  occurs  either  spontaneously  or  as 
the  result  of  treatment.  In  some  few  cases  pregnancy  appears 
to  have  had  a  favourable  influence  on  the  course  of  the  disease. 
Usually,  however,  the  symptoms  become  gradually  worse.  The 
increased  action  of  the  heart  leads  to  consecutive  enlargement 
of  the  organ,  with  its  usual  deleterious  effects.  At  other  times 
death  occurs  from  exhausting  marasmus  or  some  intercurrent 
disease,  such  as  ojdema  of  the  lungs,  apoplectic  attacks,  tuber- 
culosis of  the  lungs,  or  valvular  disease  of  the  heart.  In  tvyo 
cases  death  was  caused  by  progressive  gangrene  of  the  lower 
extremities  supervening  without  any  apparent  cause. 

Morbid  Anudomy.  —  The  parenchyma  of  the  thyroid  gland 
is  either  normal,  in  a  state  of  simple  hyperplasia,  or  may 
contain  cysts.  The  arteries  have  been  found  considerably  de- 
veloped, and  the  veins  greatly  dilated.  A  considerable  develop- 
ment of  fat  is  generally  found  in  the  orbit  behind  the  globe,  the 
ophthalmic  artery  is  often  atheromatous,  while  advanced  fatty 
degeneration  of  the  ocular  muscles  has  been  met  with,  probably 
caused  by  disuse  and  stretchin£r. 

Morbid  changes  bavo  I  d  by  various  authors  in  the 
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cervical  sympathetic  and  its  ganglia,  while  other  competeot 
observers  have  failed  to  detect  any  appreciable  alteration. 

The  principal  alterations  found  were  excess  of  connective 
tissue  and  a  diminution  of  the  nerve  elements  (Liancereaos), 
enlargement  of  the  middle  and  lower  cervical  ganglia  and  disease 
of  the  cord  of  the  sympathetic  (Beveridge),  obliteration  of  the 
lower  cervical  ganglia  of  both  sides  (Cruise  and  M'Donnell), 
atrophy  of  the  sympathetic  and  its  ganglia  (Traube  and  Reck- 
linghausen, and  Biermer),  and  ensheathing  of  both  cervical 
sympathetics  in  dense  connective  tissue  (Oeigel). 

On  the  other  hand,  Wilts,  Paul,  Foamier,  Oilivier  assisted  by 
Ranvier,  and  Rabejac  assisted  by  Bouvier,  found  nothing  ab- 
normal in  the  cervical  ganglia  or  in  the  cervical,  thoracic,  or 
abdominal  cord  of  the  sympathetic.  In  two  cases  which  I 
examined  with  the  greatest  care,  using  a  large  number  of  stained 
preparations,  nothing  abnormal  could  be  detected  in  the  cerriod 
sympathetic  and  its  ganglia. 

The  results  obtained  so  far  by  post-mortem  examination  m 
therefore  somewhat  doubtful ;  all  that  can  with  safety  be  con- 
cluded from  the  recorded  examinations  is  that  morbid  anatomy 
favours  the  view  that  the  anatomical  substratum  of  the  disease 
has  its  seat  in  the  cervical  sympathetic  and  its  ganglia,  supposing 
that  this  opinion  can  be  supported  by  other  evidence  of  ao 
independent  character.  It  is  worthy  of  remark  that  in  the  few 
cases  where  positive  changes  were  found  in  the  sympathetic, 
the  inferior  cervical  ganglion  is  the  one  which  has  been  described 
as  being  chiefly  or  exclusively  affected. 

§  321.  Morbid  Physiology. — The  theory  of  the  disease  baa 
undergone  considerable  changes  in  the  course  of  time.  The 
disease  was  regarded  by  Basedow  and  other  early  observereas 
being  the  result  of  a  morbid  crasis,  like  that  of  chlorosis,  and 
Stokes  thought  that  the  affection  was  due  to  disease  of  the  heart 
Laycock  and  various  other  authors  regarded  the  affection  aa  a 
neurosis,  while  Von  Graefe,  Aran, Trousseau,  and  others  attributed 
the  symptoms  to  disease  of  the  cervical  sympathetic,  or  of 
cervical  portion  of  the  spinal  cord  and  the  medulla  oblungal 
.  The  origin  of  the  swelling  of  the  thyroid  gland  may 
regarded  as  due  to  a  dilatation  of  the  arteries  and  veins  of  the 
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thyroid  gland.  Boddaert  produced  a  swelling  of  the  thyroid 
gland  in  rabbits  and  guinea-pigs  by  tying  the  internal  and 
external  jugular  and  the  inferior  thyroid  veins.  That  the  blood- 
vessels of  the  thyroid  gland  are  dilated  in  this  disease  has  been 
proved  by  post-mortem  examination,  and  this  is  also  shown  to 
be  the  case  during  life  by  the  fact  that  the  smalt  branches  of  the 
carotid  and  the  thyroid  arteries  are  tortuous,  prominent,  and  may 
be  seen  and  felt  to  pulsate  strongly,  that  a  soft  blowing  sound 
is  audible  over  them,  and  that  the  tumour  becomes  alternately 
diminished  or  increased  in  size  according  to  the  force  of  the 
pulsation  of  the  heart  The  soft  consistence  of  the  tumour 
and  its  rapid  growth  point  to  the  same  conclusion. 

Paralysis  of  the  vaso-motor  uervea  which  run  in  the  cervical 
^mpathetic  is  supposed  to  be  the  cause  of  the  dilatation  of  the 
blood-vessels.  It  must  be  acknowledged,  however,  that  there  is 
no  experimental  evidence  as  yet  that  section  of  the  sympathetics 
can  produce  the  swelling  of  the  thyroid  gland.  Benedikt  thinks 
that  the  dilatation  of  the  vessels  is  due  to  irritation  of  the 
dilator  nerves,  which  run  in  the  sympathetics,  and  not  to 
paralysis  of  the  vsiso-motor,  but  the  evidence  for  this  theory  is 
as  yet  insufficient. 

The  exophthalmos  is  probably  due  to  various  co-operating 
factors.  It  is  in  a  great  measure  dependent  upon  increased 
development  of  fat  in  the  cellular  tissue  of  the  orbit,  and  upon 
venous  hyperaemia.  Various  reasons  might  be  adduced  to  show 
that  venous  hypenemia  of  the  vessels  of  the  globe  and  orbit 
exists  during  life,  but  it  will  suffice  to  mention  that  Boddaert 
has  recently  produced  a  considerable  exophthalmos  in  rabbits 
and  guinea-pigs,  which  lasted  some  days,  by  tying  the  two 
internal  ajid  external  j  ugular  veins,  and  dividing  both  cervical 
sympathetics. 

That  there  is  an  increase  in  the  fatty  tissue  behind  the  eye- 
ball has  been  proved  by  a  series  of  autopsies,  and  in  one  of  two 
cases  which  I  examined  this  was  certainly  the  case.  It  is  possible 
that  contraction  of  the  smooth  muscles  of  the  orbit  discovered 
by  H.  Mueller,  and  which  are  innervated  by  the  sympathetic, 
may  assist  in  causing  the  exophthalmos.  Claude  Bernard  has 
shown  that  section  of  the  cervical  sympathetic,  or  of  the  anterior 
roots  of  the  two  upper  dorsal  nerves,  produced  retraction  of  the 
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eyeball,  while  galvanic  stimulation  of  the  peripheral  ends  of 
the  divided  nerves  caused  dilatation  of  the  palpebral  iissuro  and 
exophthalmos.  The  exophthalmos  in  this  experiment  is  pro- 
bably caused  mainly  by  contraction  of  Mueller's  muscle.  Tbe 
action  of  the  latter  is  rendered  more  elective  in  this  disease 
inasmuch  as  the  straight  muscles  are  frequently  in  a  state  of 
fatty  degeneration. 

Irritation  of  the  accelerator  nerves  might  be  supposed  to  be 
the  caufee  of  the  increased  cardiac  action,  but  then  it  ia  neces- 
sary to  assume  a  paralysis  of  the  sympathetic  in  order  to  account 
for  the  swelling  of  the  thyroid  gland  and  the  exophthalmos,  ami 
it  appears  a  somewhat  strained  interpretation  to  assume  that 
one  set  of  fibres  is  irritated  while  another  is  paralysed  by  the 
same  lesion.  But  affections  of  peripheral  nerves  aometimes 
give  rise  to  symptoms  of  paralysis  and  of  irritation  in  the  same 
nerve.  In  neuritis,  for  instance,  there  may  bo  symptoms  of 
irritation  in  the  motor  fibres  along  with  diminished  sensibility, 
and,  conversely,  hypenestbesia  along  with  motor  paralysis.  It 
is  not,  therefore,  impossible  that  some  such  conditions  may 
exist  in  the  fibres  of  the  sympathetic,  although  few  Mill 
accept  this  explanation  as  satisfactory.  Benedikt  endeavoured 
to  overcome  the  difiRculty  by  supposing  that  the  thyroid 
swelling  was  caused  by  active  irritation  of  dilator  ner%-ea 
which  run  in  the  sympathetic,  but  this  supposition  encounters 
many  difficultiea  It  is,  indeed,  difficult  to  imagine  that  > 
nerve  fibre  would  remain  in  a  permanent  state  of  irritation 
for  many  years  without  paralysis  supervening.  Friedreich, 
on  the  other  hand,  interprets  the  palpitations  as  a  symptom  ui. 
paralysis  of  vaso-motor  nerves.  Paralysis  of  the  vaso-motor 
nerves  of  the  sympathetic  is  followed,  according  to  this  vie 
by  dilatation  of  the  coronary  arteries,  incresised  flow  of  blood 
to  the  muscular  walls  of  the  heart,  and  increased  excitement  of 
its  ganglia.  This  supposition  surmounts  the  difficulty  of  sup- 
posing that  a  permanent  lesion  gives  rise  to  continuous  ini 
tation  without  being  followed  by  subsequent  paralysis,  but 
considerable  difficulties  stand  in  the  way  of  both  theories. 

Some  authors  have  endeavoured  to  explain  the  phenomena 
of  the  disease  on  the  supposition  that  the  cervical  part  of  the 
spinal  cord  and  medulla   oblongata  are   tbe   seat   of  morbid 
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fchanges.  Geigel  assumes  that  the  lesions  ia  the  affection  are 
to  be  found  in  the  cilio-spiiial  region  of  the  cord,  aud  thinks 
that  one  of  the  centres — the  oculo-pupiltary — is  in  a  state  of 
irritation,  and  the  other — the  vaso-motor — ia  in  a  state  of 
paralysis.  Benedikt,  on  the  other  hand,  places  the  lesion  in 
the  medulla  oblongata.  These  theories  are  mentioned  here 
for  the  purpose  of  directing  the  attention  of  future  workers  to 
the  subject,  so  that  further  observations  may  be  made  which 
will  either  refute  or  confirm  them. 

Diagnosis  ami  Prognosis. — At  the  beginning  of  the  disease 
the  diagnosis  presents  considerable  dilficulties.     Provided  the 
exophthalmos  be   bilateral  and  accompanied  by  general  dis- 
turbance, the  existence  of  the  affection  may  be  inferred  even  in 
^the  absence  of  one  of  the  other  two  leading  symptoms.     Of  the 
^Bhree  leading  symptoms  one  or  two  may  be  absent,  or  may 
^Edisappear  temporarily.     The  most  valuable  of  the  subordinate 
^^■3rmptom8  for  diagnostic  purposes  are  the  feeling  of  heat,  the 
Belevation  of  temperature,  and  the  want  of  agreement  between 
the  movements  of  the  eyelid  and  globe.     The  cornea  being 
completely  surrounded  by  a  visible  ring  of  sclerotic  is  one 
of  the  most  valuable   indications  of  the  slighter  degrees   of 
exophthalmos. 

Cases  of  primary  enlargement  of  the  thyroid  gland  witli 
consecutive  irritation  of  the  sympaihetics  may  closely  simulate 
Graves'  disease,  but  in  the  former  the  pupillary  and  vascular 

■symptoms  are  generally  unilateral. 
The  pivgnosia  is  unfavourable,  although  some  cases  have 
disappeared  spontaneously,  or  improved  under  medicad  treat- 
ment. The  prognosis  is  more  favourable  when  the  general 
health  of  the  patient  is  good,  and  when  there  is  no  organic 
disease  of  the  heart. 


"  §  322.  Treatment. — When  the  disease  was  regarded  as  being 
due  to  anaemia,  quinine  and  iron  were  the  remedies  usually 
employed  in  its  treatment;  and  although  this  theory  is  now 
abandoned,  the  treatment  is  by  no  means  without  value. 

Remedies  which  depress  the  pulse  like  digitalis  aud  veratrine 
have  been  prescribed  in  the  disease,  but  they  do  not  appear  to 
possess  any  value.     Iodine  is  said  to  diminish  the  swelling  of 
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the  thyroid  gland,  but  to  increase  the  palpitations.    Belladonna 
has  been  employed  with  benefit. 

Galvanisation  of  the  cervical  sympathetics  has  l>een  nseJ 
of  late  years  in  the  treatment  of  the  affection.     Von  Dnscb 
treated  a  case  for  a  considerable  time  in  this  way,  with  tba 
result  of  reducing  the  rate  of  the  pulse  from  130  to  70  or  64 
beats,  and  diminishing  the  exophthalmos.     Eulenburg  speaks 
favourably  of  this  treatment.    The  method  he  adopted  was  to 
apply  the  negative  pole  to  the  cervical  ganglia  of  each  side 
alternately,  or  to  both  at  once,  by  means  of  a  divided  electrode: 
He  also  attacked  the  swelled  neck  by  galvano-puncturg,  bot     , 
only  doubtful  results  were   obtained.      Chovstek,  Meyer,  aodv 
Leube  each  obtained  favourable  results  by  galvanisation  of  the  ™ 
cervical  sympathetics. 

The  habits  of  the  patient  should  be  csirefully  regulateil ;  all 
fatigue,  venereal  excess,  and  mental  excitement  should  be 
avoided.  The  diet  should  be  mild  and  nutritious,  chiefly  com- 
posed of  milk  and  vegetables,  and  the  patient  should  avoid  the 
use  of  alcoholic  beverages,  and  even  tea  and  coffee  except  in 
very  moderate  quantity.  A  large  portion  of  the  day  should  bo 
spent  in  the  open  air,  especially  in  the  country,  or  in  mountain 
health  resorts  of  moderate  elevation.  Chalybeate  mineral  apringi, 
such  as  those  of  Franzensbad,  Pyrmont,  Scbwalbacb,  are 
considerable  value  in  the  treatment  of  the  disease.  For  tbe 
exophthalmos  Vou  Graefo  recommended  painting  with  tincture 
of  iodine,  or  friction  with  iodide  of  potassium  ointment  over  ti»e 
eyebrows  and  upper  lids,  compresses,  local  electrisation,  and  to 
severe  cases  tarsorrhaphia  as  a  protection  against  maligoaat 
affections  of  the  cornea. 

8.— UNILATERAL  PnOOIlESSlVE  ATROmT  OF  THE  FACE  (HEMIATROPUI  t 
FACIALIS  PROGRESSIVA.) 

Unilateral  progressive  atrophy  of  the  face  i»  characterised  by 
H  alow  and  gradual  loss  of  substance  in  one  side  of  the  face, 
which  usually  begins  in  tbe  external  soft  parts  and  passes  ntC* 
cessively  to  the  deeper  tissues. 

History. — The  disease  was  observed  by  Parry  iu  1823 ;  bat 
it  was  first  carefully  studied  and  described  by  Romberg  and  bit 
scholars — Bergson,  Schott,  Heuter,  and  Axmana     Ciise*  of  tbe 
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disease  were  afterwards  reported  by  Virchow,  Samuel,  Outtman, 
Moritz  Meyer,  and  Moore.  Although  the  disease  was  described 
by  Lasagne,  Ball,  Aug,  and  OUivier,  yet  Bitot  observed  the 
first  case  of  the  aSectioQ  in  France  in  1862,  and  another  in 
1866  ;  and  his  pupil,  Laude,  based  upon  these  his  inaugural 
dissertation  in  1869,  and  his  very  able  monograph  published  in 
K1870. 

H  §  323.  Etiology.— The  disease  has  hitherto  been  observed  about 
~  twice  as  often-in  women  as  in  men.  In  thirteen  cases  collected 
by  Eulenburg  the  disease  began  before  thirty  years  of  age,  the 
majority  appearing  between  ten  and  fifteen  years,  but  in  a  few 
instances  the  affection  began  as  early  as  between  two  and  three 
years  of  age.  The  affection  appears  to  have  a  special  predilec- 
tion for  the  left  side  of  the  face. 
H  In  a  few  cases  the  outbreak  of  the  disease  has  been  preceded 
^by  scarlatina,  measles,  whooping  cough,  or  a  local  herpetic 
eruption;  and  in  other  cases  its  origin  has  been  attributed  to 
exposure  to  cold.  Toothache,  and  tearing  pains  in  the  head 
and  the  superior  maxillary  region  of  the  affected  side,  have 
sometimes  been  complained  of  before  the  commencement  of  the 
atrophy.  In  a  case  published  by  Meyer,  the  patient  suffered  from 
epileptic  fits,  and  some  of  these  were  limited  to  the  portion  of 
the  face  which  afterwards  became  atrophied.  In  Brunner's  case 
epileptic  attacks  supervened  for  the  first  time  during  pregnancy, 
and  continued  a  year  before  the  appearance  of  facial  atrophy. 
The  disease  was  preceded  in  Parry's  case  by  left  hemiplegia;  and 
in  the  case  observed  by  Heuter  and  Axmann  the  patient  suffered, 
few  many  years  before  the  atrophy  began,  from  irregular  spastic 
contractions  of  the  masticatory  muscles,  along  with  some  degree 
of  hypenesthesia  of  the  left  side  of  the  face,  that  being  the  side 
which  was  afterwards  the  subject  of  atrophy.  Anjel  also  observed 
a  case  in  which  spasms,  hyperaesthesia,  and  paraestheslse  in  the 
J      left  half  of  the  face  preceded  the  atrophy. 

§  324.  Si/niptoms. — The  first  symptom  to  attract  notice  is  a 
peculiar  discolouration  of  circumscribed  areas  of  the  skin.  Awhite 
spot  appears  on  one  side  of  the  face ;  it  is  slightly  depressed  and 
spreadsb    Several  of  these  spots  appear  sometimes,  either  simul- 
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taneously  or  ia  succession,  and  after  a  time  tbey  coalesce  ao  u 
to  form  a  spot  of  consiJerablo  size.    Tbe  white  colour  may  be 
transitory,  and  the  affected  area  may  assume  a  yellowisli  or 
brownish  tint,  such  as  is  frequently  observed  in  cicatrices  after 
burns.    These  spots  soon  become  the  seat  of  a  marked  atropbj, 
tbe  skin  becomes  thin  and  emaciated,  the  subcutaneous  fat 
disappears  so  that  the  side  of  the  face  becomes  deformed  by 
pits  of  greater   or   lesser  size   and    depth.     The   beard,   eye- 
lashes, and   even  the  hair  of  the  head  on  tbe  affected  side 
usually  undergo  structural  changes,  and  these  may  sometimi 
precede  the  formation  of  the  cutaneous  spots  aud  depressioDi 
The  hair  at  times  turns  perfectly  white,  at  other  times  it  falU 
out,  or  its  growth  is  more  or  less  interfered  with,  while  in  a  few 
cases  streaks  only  of  the  hair  of  the  head  or  of  the  lids  aud 
brow  are  discoloured.    The  secretion  of  the  sebaceous  follicles 
is  arrested,  but  the  functions  of  the  sweat  glands  appear  to  I; 
normally  performed.     The  involuntary  muscular  fibros  of  thi 
skin  give  a  normal  reaction  to  electrical  stimulation.      Ii 
advanced  cases  the  affected   skin   feels   irregular,  atrophies, 
and   may   assume   the   form   of  a  cicatrix,   but   it  doeo   not 
become  adherent  to  the  underlying  structures.     Tbe  cutaneous 
sensibility   is   not   usually   affected,   but  in   one   case  it  waa 
diminished,  while  in  other  cases  hypertestbesia  has  been  observed. 
Abnormal   sensations   have  often  been  complained  of  in   the 
atrophied  portions  of  skin.     Neuralgic  attacks  have  been  expe- 
rienced on  the  affected  side  during  the  progress  of  the  disease, 
but  pain  is  not  an  invariable  symptom.     The  muscles  on  tbe 
affected  side  are,  as  a  rule,  unaffected,  aud  give  normal  reactions 
to   electrical   stimulation.      In  some  cases   the   muscles  were 
diminished  in  bulk,  fibrillary  twitcbings  were  observed,  and 
tbe  face  was  somewhat  drawn  to  the  atrophied  side. 

In  a  case  observed  by  Eulenburg  and  Outtmann,  tbe  mas- 
ticatory muscles  on  tbe  afiected  side  were  distinctly  emaciated, 
and  the  movements  of  mastication  on  that  side  were  weakened. 
In  other  cases  distinct  asymmetry  in  tbe  coutour  of  the  iiriwr 
lip  has  been  observed,  owing  to  atrophy  of  one-half  of  liii.' 
orbicularis,  while  in  other  cases  the  half  of  the  tongue  on  the 
affected  side  was  diminished  in  bulk;  the  vault  of  the  pa!.>' 
the  velum  and  uvula  have  also  at  times  been  involved  in  xU-c 
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'atrophy.  Deglutition  has  not  been  interfered  with  in  any 
recorded  case  ;  but  in  one  case  the  pronunciation  of  the  letter 
"i"  was  somewhat  impeded. 

The  annexed   figure,  borrowed    from   Romberg,   represents 

ihe  case  of  an  unmarried  woman,   aged  28  years,  who  had 

•uffered  from  this  affection.     The  left  side  of  her  face  bad 

gradually  atrophied  as  the  result  of  extensive  suppuration  on 

the  left   side   of  the   neck,  which  burst   through  the  tonsil. 

very  feature,  including  the  brow,  eye,  nostril,  lips,  cheek,  and 
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fchin,  as  well  as  the  left  half  of  the  tongue  and  left  palatine 
[arch,  was  smaller  than  those  on  the  opposite  side. 

The  large  (trieries  of  the  face  are,  as  a  rule,  unaltered  in 
size,  and  the  tone  of  the  small  arteries  is  retained  or  even  in- 
creased.    The  atrophied  parts  are  generally  capable  of  blushing, 
and  they  also  redden  under  local  electrical  excitation.     The 
temperature  is  the  same  on  both  sides. 
H      Tlie  bones  of  the  face  have  been  found  distinctly  diminished 
in  volume.    Both  the  upper  and  lower  maxilla  and  malar  bones 
^have  been   implicated;   the  cartilages  of  the   nose  have  also 
■  been  observed  diminished  in  bulk ;  and  the  teeth  may  undergo 
consecutive  alterations.     The   fatty    tissue   behind   the  globe 
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often  disappears,  so  that  the  eye  on  the  affected  side  falls  back 
into  the  orbit  and  appears  more  sunk  and  smaller,  and  tbt 
opening  of  the  lids  narrower  than  on  the  sound  side.  The 
disease  is  always  slow  and  protracted,  and  its  course  is  usually 
steadily  progressive,  although  a  brief  pause  appears  io  some 
cases.     The  general  health  is  not  interfered  with. 

§  325.  Pathology. — The  majority  of  authors  regard  the 
disease  as  of  nervous  origin,  although  Lande  and  a  few  other* 
believe  it  to  be  a  'primary  atrophy  of  the  fatly  tissue  and  of 
the  cells  and  fibrils  of  the  connective  tissue,  leaving  only  the 
elastic  tissue  unaltered. 

The  nervous  theory  of  the  origin  of  the  disease  has  assnmed 
two  chief  forms,  some  pathologists  attributing  the  affection  to 
disease  of  the  vaso-motor,  and  others  to  disease  of  the  trophic 
fibres  of  the  trigeminus.  Bergson  was  the  first  to  attribute  the 
disease  to  a  primary  affection  of  the  vaso-motor  nerves.  In  the 
case  described  by  bim,  the  carotid  artery  on  the  affected  side 
pulsated  less  strongly  than  that  on  the  sound  side,  and  he 
thought  that  the  atrophy  was  due  to  the  diminution  of  the 
calibre  of  the  artery,  But  thLs  theory  is  manifestly  inadequate, 
since  neither  continual  irritation  nor  paralysis  of  the  Taso- 
motor  nerves  gives  rise  to  symptoms  at  all  comparable  with 
those  of  progressive  paralysis  of  the  face. 

Romberg  classified  this  affection  as  a  trophoneurosis,  but 
the  relation  of  the  disease  to  the  trophic  system  of  nerves  was 
afterwards  more  fully  developed  by  Samuel  Atrophy  of  the 
muscles  supplied  by  the  motor  portion  of  the  fifth  has  been 
observed  in  some  cases  of  the  disease,  a  circumstance  which 
strongly  points  to  the  influence  of  the  fifth  in  the  production 
of  the  affection.  Muscular  atrophy,  however,  is  always  a  sub- 
ordinate symptom  in  comparison  with  the  nutritive  disturbaocas 
of  the  integuments,  the  former  being  in  many  cases  conipleu 
absent. 

Experiments  have  shown  that  the  vaso-motor  and  tro{ 
fibres  of  the  face  run  in  the  sympathetic  before  passing  to  ti 
trigeminus,  hence  it  is  possible  that  this  disease  may  at  tim«s 
be  caused  by  lesion  of  the  sympathetia  Seeligmueller  described 
two  cases  in  which  the  atrophy  appeared  to  be  due  to  injury 
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of  the  sympathetic.  In  the  first  case  the  cord  of  the  sym- 
pathetic and  the  brachial  plexus  in  a  child  were  injiired  by 
fracture  of  the  clavicle  and  neck  of  the  scapula,  and  myosis 
was  combined  with  decided  atrophy  of  the  side  of  the  face. 
The  second  case  was  one  of  gunshot  wound  of  the  left  sym- 
ihetic  and  a  part  of  the  brachial  plexus,  and  in  addition  to 
the  usual  oculo-pupillary  symptoms  there  was  distinct  emacia- 
tion and  Hattoning  of  the  left  cheek.  In  a  ca^e  observed  by 
Brunner,  the  symptoms  corresponded  to  the  usual  results  of 
experimental  irritation  of  the  divided  cervical  sympathetic. 
The  symptoms  were  dilatation  and  deficient  reaction  of  the 
pupil,  widening  of  the  palpebral  fissure,  exophthalmos,  defi- 
ciency of  the  lachrymal  secretion  and  of  the  secretion  of  mucus 
and  sweat,  and  lowering  of  the  temperature  of  the  whole  left 
side  of  the  face.  The  left  superior  ganglion  of  the  sympathetic 
was  tender  on  pressure.  Brunner  thinks  that  a  continued  irri- 
tation of  the  sympathetic  produced  a  continued  spasm  of  the 
blood-vessels,  and  that  this  led  to  a  gradual  atrophy  of  the  left 
side  of  the  face. 


I  §  326.  Diagnoaia  and  Prognosis. — The  disease  may  be  mis- 
taken for  congenital  asymmetry  of  the  two  halves  of  the  face,  but 
in  the  latter  condition  the  characteristicatrophy  of  the  skin  and 
subcutaneous  tissues  are  wanting.  In  torticollis  and  scoliosis 
of  the  vertebral  column,  the  side  of  the  face  corresponding  to 
the  convexity  of  the  main  curve  is  often  smaller  than  the  other 
side.  Arrest  of  development  of  one  side  of  the  face  may  be 
caused  by  traumatic  injury  received  during  youth,  but  neither 
the  colour  of  the  face  nor  of  the  hair  is  altered.  Hyper- 
trophy of  the  opposite  side  of  the  face  can  only  be  mistaken 

[for  atrophy  by  carelessness  of  observation.  Certain  cutaneous 
affections,  as  vitiligo  and  tinea  decalvans,  may  be  mistaken  for 
the  early  stage  of  the  affection.  lu  vitiligo  there  is  the  same 
white  discolouration  of  the  integument,  the  cicatricial  appearance 
of  the  skin,  greyness  and  falling  out  of  the  hair ;  but  the  loss 
of  volume,  which  is  the  special  characteristic  of  progressive 
unilateral  atrophy,  is  absent.  In  tinea  decalvans  the  disease 
first  appears  in  -"""'ir  circular  spots,  it  is  contagious,  fungi 
can  be  detecte  "airs  fall  out  without  previous  loss  of 
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coloar,  and  the  loss  of  hair  is  preceded  by  inflammatoiy  symp- 
toms and  oedema  of  the  skin. 

Unilateral  atrophy  of  the  face  is  not  dangerous  to  life^  nor  ia 
the  general  health  affected,  bat  so  far  as  recovery  is  concerned 
the  prognosis  is  very  unfavourable. 

§  327.  Treo^Tnen^.— Various  remedies  have  been  employed,  bat 
none  of  them  have  hitherto  proved  successful.  Electrical  treat- 
ment has  been  adopted  in  almost  all  the  reported  cases.  The  use 
of  the  constant  current  is  said  to  have  produced  in  some  cases  an 
improvement  in  the  nutrition  and  colour  of  the  skin,  and  under 
its  use  the  power  to  blush  returned.  In  a  case  observed  hj 
Eulenburg  and  Quttmann,  the  local  application  of  the  faiadie 
and  galvanic  currents  for  several  months  and  the  galvanisatiao 
of  the  sympathetics  did  not  lead  to  any  permanent  benefit, 
though  local  galvanisation  produced  a  reddening  of  the  affected 
side  of  the  face,  which  continued  for  several  hours  after  esdi 
application. 
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DISEASES    OF    THE    THORACIC    PORTION    OF    THE 
SYMPATHETIC. 

ANaiNA    PECTORIS. 

Angika  pectoris  consists  of  paroxysms  of  pain  in  the  precor- 
dial region,  usually  radiating  over  the  left  side  of  the  thorax 
and  down  the  left  arm,  and  associated  with  a  peculiar  sensation 
of  constriction  and  intense  anxiety.  It  must  be  remembered 
that  every  form  of  angina  pectoris  is  not  due  to  diseases  of  the 
Bympathetic  nerves;  but,  as  the  different  varieties  of  the 
affection  are  allied  clinically,  it  is  deemed  better  to  describe  all 
of  them  in  this  place. 

§  328.  Etiology. — Angina  pectoris  is  sometimes  a  mere  symp- 
tom of  grave  organic  disease,  such  as  aortic  disease,  fatty  degene- 
ration of  the  heart,  and  ossification  of  the  coronary  arteries,  but 
such  cases  cannot  be  discussed  here.  The  only  cases  which  will  be 
mentioned  here  are  those  in  which  the  angina  is  a  pure  neunrais, 
unaccompanied  by  any  perceptible  organic  change  in  the  heart. 
The  causes  of  the  neurotic  affection  are  singularly  obscure. 
Hereditary  predisposition  can  be  traced  in  many  cases  of  angina, 
and  it  is  frequently  found  in  members  of  fSftmilies  who  manifest 
a  tendency  to  other  neurotic  diseases,  such  as  hysteria,  insanity, 
and  epilepsy.  Attacks  of  angina  may  form  a  symptom  of  hys- 
teria, precede  or  alternate  with  an  attack  of  epilepsy,  or  con- 
stitute an  intercurrent  symptom  of  chronic  mental  disease. 

The  disease  occurs  more  frequently  in  advanced  age,  but  it  is 
probable  that  the  proportionate  frequency  with  which  it  is  sup- 
posed to  occur  in  old  age  depends  upon  the  angina  symptomatic 
of  organic  cardiac  disease  being  mistaken  for  true  neurotic  angina 
pectoris.   The  male  sex  is  much  more  liable  to  be  attacked  thar> 
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the  female,  probably  because  the  former  is  more  exposed  to  the 
exciting  causes  than  the  latter. 

The  first  of  the  exciting  causes  of  the  disease  which  deserves 
mention  is  exposure  to  cold.  Excessive  smoking  of  tobacco 
appears  undoubtedly  to  induce  attacks  of  the  disease.  Beau 
describes  eight  cases  in  which  the  attacks  ceased  when 
smoking  wa-i  stopped,  and  returned  on  the  practice  being 
resumed,  and  similar  cases  are  recorded  by  other  authors. 
Other  exciting  causes  are  certain  morbid  conditions  of  the 
thoracic  organs,  which  involve  the  nerves  of  the  cardiac  plexus, 
and  morbid  conditions  of  the  abdominal  regions,  which  probably 
act  by  reflex  irritation. 

§  329.  Symptoms. — Angina  pectoris  occurs  in  paroxysms, 
which  are  separated  from  one  another  by  longer  or  shorter  inter- 
vals.  The  attack  begins  suddenly.  Pain  is  felt  at  the  lower  part  of 
the  sternum,  and  shoots  over  the  left  side  of  the  chest  and  neck, 
or  along  the  sternum  and  down  the  left  arm  or  both  arms.  When 
both  arms  are  implicated,  the  pain  is  always  more  proDOunced  on 
the  left  side  of  the  chest  and  left  arm  than  on  the  corresponding 
parts  of  the  right  side,  The  character  of  the  pain  is  describe 
as  shooting,  tearing,  aching,  sickening,  or  burning,  and  it  is  oftei 
said  to  be  indescribable.  A  feeling  of  oppression  or  constriction 
is  felt  across  the  chest  as  if  it  were  being  forcibly  compressed  aad 
could  not  be  expanded.  This  feeling  is  accompanied  by  a  seiuM 
of  sutTocation  and  inability  to  breathe,  although  the  patient  i.< 
only  prevented  from  breathing  by  the  pain,  and  not  from  any 
mechanical  interference  with  the  act  of  respiration.  The  paiu 
is  accompanied  by  a  feeling  of  great  anxiety  and  dread  of  im- 
pending death,  the  face  becomes  pale  and  covered  with  sweai,^ 
and  the  expression  is  one  of  great  alarm  and  fear.  The  beata 
of  the  heart  are  usually  feeble  and  intermittent ;  while  at  other 
times  the  action  is  violent  and  forcible,  but  this  occurs  more 
frequently  towards  the  end  of  the  attack.  At  the  begiuuing 
of  the  attack  the  arteries  are  like  cords,  the  pulse  small  and 
wiry,  but  in  the  course  of  the  attack  it  becomes  feeble,  fluttering, 
and  irregular,  and  in  the  remissions  it  becomes  full  and  aoft. 
Sphygmographic  tracings  bhow  an  increase  of  arterial  tensioo 
at  the  beginning  of  the  attack,  and  later  a  lessened  tension. 
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paroxysm  of  angina  the  skin  is  generally  pale,  cold, 
dry,  that  of  the  hands  and  feet  almost  bloodless,  the  face  pale 
and  sunken,  the  patient  feels  chilled,  and  the  teeth  chatter;  but 
towards  the  end  of  the  attack  the  opposite  condition  obtains, 
the  surface  becomes  warm  and  red,  and  the  skin  covered  with 
abundant  perspiration.  The  duration  of  the  paroxysm  is  generally 
short,  usually  only  a  few  minutes,  but  sometimes  the  attack  is 
.made  up  of  a  series  of  paroxysms,  each  being  followed  by 
remiasioQ  or  a  complete  intermission  of  the  distressing 
symptoms. 

The  course  of  the  disease  is  always  chronic.  The  attacks 
recur,  as  in  epilepsy,  at  extremely  variable  intervals.  At  times 
the  interval  may  extend  over  years,  while  in  other  cases  the 
attacks  recur  for  a  time  every  day  without  any  cause  being 
recognisable.  Great  bodily  and  mental  exertion  may  un- 
doubtedly provoke  au  attack,  and  they  may  sometimes  be 
excited  or  made  worse  by  pressure  on  some  points  which  are 
sensitive  constantly  or  only  during  the  attacks.  These  points 
are  the  spinous  ami  transverse  processes  of  the  cervical  and 
upjjer  dorsal   vertebrae,  and  the  region  of  the  inferior  angle 

'      of  the  scapula.     As  time  advances,    the  attacks  usually  grow 

B  worse  and  recur  with  greater  frequency. 

V  §  330.  Morbid  Anatomy. — It  would  be  out  of  place  to  refer 
here  to  the  various  organic  diseases  with  which  angina  pectoris  is 
associated ;  the  only  cases  which  come  within  the  scope  of  this 
article  being  those  in  which  changes  have  been  discovered  in  the 
nervous  apparatus  of  the  heart,  In  a  case  of  angina  under 
the  care  of  Skoda  in  1841,  the  right  phrenic  nerve  was  found 
at  the  autopsy,  which  was  made  by  Rokitanski,  involved  in  a 
dark  blue,  hard  knot,  dotted  with  concretions  of  lime.     The 

Pcardiaeua  viagnus,  rising  from  the  cardiac  plexus  between  the 
pulmonary  artery  and  the  descending  aorta,  was  seeu  to  enter 
iuto  a  black  nodule  of  the  size  of  a  hazel  nut.  Upon  the  ex- 
terior aspect  of  the  left  bronchus  the  descending  branches  of  the 
left  vagus  were  observed  similarly  interfered  with  by  a  blackish 
lympliatic  gland  that  lay  beneath  them.  Dr.  Haddou  found  the 
left  phrenic  uerve  compressed  by  a  bronchial  gland  of  the  size 
of  a  hazel  nut,  situated  close  to  the  root  of  the  left  lung.     In 
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this  case  there  was  aneurismal  ditatatioD  of  the  aorta,  so  that  it  j 
is  very  doubtful  whether  the  compression  of  the  phrenic  had  aDr>| 
thing  to  do  with  the  production  of  the  angina.    Lanceraux  found 
microscopical  changes  in  the  cardiac  plexus  associated  with  ao 
alteration  of  the  aorta  at  the  point  where  the  cardiac  plexus  \ 
lies  upon  it ;  and  in  two  other  cases  he  found  similar  changes 
along  with  narrowing  of  the  coronary  arteries.      But  it  must  i 
be  acknowledged  that  in  all  these  cases  it  is  exceedingly  doubt- 1 
ful  how  far  the  morbid  change  of  the  cardiac  plexus  had  pro-  j 
duced  the  symptoms,  ina.smuch  as  the  symptoms  might  have  I 
been  produced  by  the  organic  change  of  the  aorta  and  of  the 
coronary    arteriea     The    results    obtained   from   post-mortem 
examination    with    respect   to   diseases  of  the   nerves,    inde- , 
pendently  of  disease  of  the  structure  of  the  heart,  are,  indeed, 
very  scanty,  and  it   would    be  precarious  to  draw   definite 
conclusions  from  these. 


§  331.  Morbid  Physiology.— Laenaec  regarded  angina  pectoris 
as  a  neuralgia  of  the  nerves  of  the  heart,  and  Trousseau  as  an 
epileptiform  neuralgia;  whileRomberg  and  Friedreich  attributed 
it  to  a  hyperaisthesia  of  the  cardiac  plexus.  Other  authors,  how- 
ever, regarded  the  alteration  in  the  action  of  the  heart  as  tb« 
prime  factor  in  the  disease,  and  relegated  the  pain  to  a  purely 
secondary  position.  Stokes,  for  instance,  thought  the  symptoms 
were  due  to  a  temporary  increase  of  weakness  in  an  already 
weakened  heart,  and  Donnes  and  John  believed  that  the  essen- 
tial condition  was  a  paresis  or  paralysis  of  the  heart  Romberg 
thought  the  condition  due  to  increased  action  of  the  heart,  or  to 
a  hyperkinesis  with  hyperesthesia ;  and  Von  Dusch  regarded  it 
as  a  hypera'sthesia  combined  with  spasms  of  the  heart.  And 
opposite  as  these  opinions  may  appear  to  be,  all  of  them  may 
be  adumbrations  of  the  truth.  Eichwald,  however,  enunciated  a 
more  comprehensive  formula  for  the  condition  which  underlies 
angina,  when  he  attributed  the  symptoms  to  overexertion  of  the 
heart,  caused  by  some  obstruction  to  the  onward  flow  of  blood. 
In  order  to  give  a  more  comprehensive  expression  to  the 
hypothesis,  it  may  be  assumed  that  the  essential  condition  which 
underlies  angina  is  a  disturbance  between  the  balance  which 
ought  to  be  maintained  between  the  propulsive  powers  of  the 
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eart  and  tbe  resistance  to  be  overcome  in  such  a  way  that  the 
muscular  walls  of  the  heart  are  subjected  to  strain.  This 
state  may  result  from  all  conditions  which  weaken  the  muscular 
power  of  the  heart,  such  as  fatty  degeneration ;  as  well  as  from 
those  conditions  which  cause  obstruction  to  the  onward  flow  of 
blood,  such  as  aortic  obstruction.  But,  as  already  pointed  out, 
angina  may  often  be  quite  independent  of  any  organic  disease 
of  the  heart,  and  in  these  cases  we  are  driven  to  look  to  the 
nervous  system  for  an  explanation  of  the  condition  which 
causes   the    disruption  between  the  propulsive  powers  of  the 

•  heart  and  the  resistance  to  the  onward  flow  of  blood.  The 
idea  that  angina  pectoris  must  be  ranked  amongst  the  vaso- 
motor neuroses  occurred  to  several  authors  independently  of 
each  other.  Dr.  Lauder  Burnton  in  1866  found  from  spbygmo- 
graphic  tracings  that  there  was  increased  tension  in  the  arteries 
during  the  attack,  which  he  attributed  to  contraction  of  the 
small  systemic  vessels.  This  opinion  led  him  to  administer 
the  nitrite  of  amyl  by  inhalation;  the  arterial  pressure  was  soon 
lowered  and  the  attack  relieved.  About  the  same  time 
Landois  subjected  the  symptoms  of  the  affection  to  a  systematic 
physiological  analysis,  and  showed  that  it  might  be  divided  into 
several  distinct  varieties. 

The  following  are  the  varieties  of  angina  pectoris,  which  are 
at  least  theoretically  possible  : — 

^P  1.  Avtomatie  Exeito-moior  Oanglia  of  the  Start. — Certoia  poisons 
introduced  iuto  the  ventricular  cavity,  or  aolittiona  into  which  the  entire 
heart  is  plunged,  ore  cajMible  of  immediately  arresting  the  action  of  tbe 
heart,  which  has  been  removed  from  the  chest  and  still  pulsates.  According 
to  the  experiments  of  Landoia,  weak  solutions  of  these  agents  injected  into 
tbe  endocardium  of  the  frog  stimulate  the  ganglia,  causing  an  increase  in 
the  rate  of  8[>eed  of  the  heart ;  while  stronger  solutions  of  the  same  agents 
paralyse  the  ganglia  and  arrest  the  action  of  the  heart.  Similar  states  of 
the  ganglia  may  be  induced  by  pathological  conditions  ;  and  when  these 
morbid  conditions  are  such  as  to  produce  irritation  of  the  ganglia,  tbe 
rapidity  of  the  heart's  movements  are  increased,  while  if  the  influence 
exerted  on  the  ganglia  be  a  paralysing  one  the  rapidity  of  the  heart's 
movements  is  diminished  ;  and  there  can  bo  little  doubt  that  angina 
is  associated  with  tbe  latter  condition. 

2.  Vufftis  angina  pectoris  may  assume  two  forms,  (a)  The  first  is 
produced  by  causes  acting  directly  ou  the  vagus.  Irritation  of  the  vagus  is 
indicated  by  a  full,  bard,  retarded  pulse,  increased  force  of  the  pulsations 
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of  the  heart,  disturbaDce  of  phonation  and  deglutition,  and  sometiaw 
temporary  arrest  of  the  action  of  the  heart.  Faraly-iis  of  the  vagui  M 
indicated  by  increased  rapidity  of  the  pulse.  (6^  The  second  form  of 
vagns  angina  pectoris  is  induced  by  reflex  causes,  and  it  is  especiallr 
frequent  in  diseases  of  the  abdominal  organs.  Landois  has  called  this  fora 
angitui  pectoris  refiectoria.  If  the  abdomen  of  a  frog  be  laid  bare  aod  tiM 
intestine  be  struck  sharply,  as  with  the  handle  of  a  scalpel,  the  heart  will 
stand  still  in  diastole  with  all  the  phenomena  of  vagus  inhibition,  and  th* 
peripheral  irritation  which  results  from  disease  may  produce  an  inhibitory 
action  upon  the  heart. 

3.  Excito-motor  Sympathelic  Angina  Pectoris. — This  form  is  cauaed  by 
an  affection  of  the  accelerator  nerves  of  the  heart,  which  run  with  the 
sympathetic,  and  the  symptoms  are  the  same  as  in  the  first  form  of  the 
affection.     The  most  probable  seat  of  the  lesion  is  the  cardiac  plezua. 

4.  Aty/ina  Peclorii  Vuto-motoria. — Irritation  of  the  vaso-motor  oerrgs, 
which  run  for  the  most  part  in  the  sympathetic,  causes  contraction  of  th« 
arterioles,  and  consequent  increased  resistance  to  the  ventricular  systnls, 
Marey  haa  pointed  out  that  the  rapidity  of  the  beats  of  the  heart  is  in 
inverse  ratio  to  the  arterial  pressure  ;  hence  during  irritation  of  th« 
motor  nerves  the  pulse  will  be  slow  and  bard,  and  there  will  be  {iiilun— 
auil  coldness  of  the  skin.  During  paralysis  of  the  vaso-motor  nerrM,  tto 
pulse  will  be  full  and  quick,  and  thure  will  be  warmneas  and  redness  J 
the  surface  ;  but  it  is  very  doubtful  whether  this  condition  ever  induce) 
the  symptoms  of  angina,  although  it  very  generally  forms  a  aecondaiy 
stage  of  the  affection  after  a  primary  stage  of  irritation. 

The  pain  which  forms  such  a  prominent  symptom  of  angina  peciocH 
is  due  to  neuralgia  of  the  cardiac  plexus  ;  but  like  other  forms  of  two- 
ralgia  it  may  be  induced  by  various  causes.  Eichwald  attributes  the 
pain  to  the  over-exertion  of  the  heart  to  overcome  an  obstruction,  just  u 
over-action  of  other  muscles,  both  voluntary  and  involuntary,  is  painful, 
such  as  cramp  of  the  calf  and  contraction  of  the  uterus.  It  is  oertain,  bow- 
ever,  that  the  pain  may  be  produced  by  other  causes,  such  as  mechanical 
pressure,  and  other  injuries  of  the  cardiac  plexus,  and  anajmia  of  the 
cardiac  nerves  and  ganglia  due  to  ossification  of  the  coronary  arteries  and 
disease  of  the  aortic  valves. 

The  pains  which  radiate  from  the  pnccordial  region  to  other  parts  of 
the  body,  especially  the  thorax  and  arm,  are  rendered  intelligible  by  tbs 
anatomical  connections  which  subsist  between  the  cardiac  plexoa  ani 
cervical  nerves,  through  the  medium  of  the  cervical  ganglia. 


§  332.   Diagnosis  and  Prognosis. — ^The  diagnosis  resoIn^J 
itself  into  the  question  whether  there  is  organic  disease  of  thjB 
heart,  or  whether  the  symptoms  are  due  purely  to  a  diatarbaooe 
of  the  nervous  system.     This  question  must  be  determined  by  a 
careful  physical  examination,  giving  due  weight  to  concomitmt 
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circumstances,  such  as  the  age  and  general  condition  of  the 
patient. 

The  prognosis  depends  to  a  considerable  extent  upon  the 
'  gravity  of  the  accompanying  organic  changes,  but  it  is  always 
grave  in  true  angina  pectoris. 

§  333.  Treatment. — In  cases  where  physical  examination 
shows  that  the  angina  is  symptomatic  of  structural  disease  of 
the  valves  of  the  heart  or  great  vessels  or  on  arterio-capillary 
fibrosis,  the  treatment  resolves  itself  into  that  which  is  appro- 
priate for  the  graver  affection.  When  the  symptoms  depend 
upon  abdominal  disease  or  excessive  tobacco-smoking,  an  endea- 
vour must  be  made  to  remove  the  cause  of  the  disease. 

If  the  affection  be  of  nervous  origin,  the  treatment  must  be 

I  directed  to  remove  the  symptoms.  The  remedies  most  usually 
employed  are  diffusible  stimuknts  and  so-called  antispasmodics, 
such  as  alcohol  in  its  various  forms,  the  various  ethers,  valerian, 
musk,  castor,  camphor,  succinate  of  ammonia.  Ether  or  chloro- 
form inhalation  may  be  cautiously  employed,  but  without 
producing  full  narcosia  Narcotics  are  also  useful,  especially  the 
subcutaueous  injection  of  morphia.  Atropine  and  conia  have 
been  recommended,  but  both  appear  to  be  inferior  to  morphia. 

In  the  cases  where  vascular  spasm  is  present,  the  inhalation 
of  nitrite  of  amyl  sometimes  gives  immediate  relief     Such  a 

[powerful  remedy  requires,  of  course,  to  be  used  cautiously.  In 
cases  characterised   by  violent  and  accelerated  action  of  the 

,  heart  due  to  abnormal  irritation  of  the  automatic  ganglia,  or 

Khe  excito-motor  fibres  of  the  sympathetic,  such  agents  as  atro- 
pine, conia,  aconite,  and  veratria  may  be  found  useful. 

In  order  to  prevent  a  recurrence  of  the  attacks,  the  action  of 
the  heart  must  be  strengthened.  Various  remedies  have  been 
employed  for  this  purpose,  but  probably  iron,  arsenic,  and  digi- 
talis are  the  remedies  which  are  most  to  be  depended  upon. 
Sulphate  of  zinc,  cyanide  of  zinc,  nitrate  of  silver,  bromide  of 
potassium,  and  bromide  of  calcium  are  other  remedies  which 
have  been  recommended  by  various  authors,  and  which  may 
occasionally  be  useful,  although  less  applicable  than  the  three 
remedies  just  mentioned.  Quinine,  phosphoric  acid,  inhalation 
of  oxygen,  and  hydrocyanic  acid  have  also  proved  serviceable 
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ia  certain  cases.  Counter-irritatioo  of  the  cardiac  region  wta 
at  one  time  a  favourite  remedy,  and  it  is  quite  po.ssible  that  it 
is  rather  too  much  neglected  in  the  present  day.  A  great  deal 
of  benefit  is  found  in  some  cases  from  covering  the  prsecordial 
region  with  a  belladonna  plaster. 

The  induced  current  in  the  form  of  the  faradic  brush  has 
been  employed  by  Duchenne,  who  thought  that  he  produced  a 
permanent  cure  in  two  cases — one  being  a  case  of  the  uncom- 
plicated nervous  form,  and  the  other  hysterical.      Cutaneoos 
irritation  by   means  of  faradisation  acts  in  a  reflex  manner  J 
on   the  nerves  of  the    heart    and    the    vaso-motor    nervoui  H 
system.  Weak  interrupted  currents  strengthen  the  contractions 
of  the  heart,  accelerate  the  circulation,  and  contract  the  vessels 
by  reflex  excitation  of  the  excito-motor  and  vaso-motor  nenrooi 
apparatus ;  but  strong  faradic  currents  weaken  the  contrsM^ons  , 
of  the  heart,  retard  the  circulation,  and  dilate  the  vessels  by  reflex  i 
excitation  of  the  regulator  nerves  of  the  heart  and  paralysis  of 
the  vaso-motor  centres.    Severe  cutaneous  irritation,  therefore, 
is  only  justified  when  the  action  of  the  heart  ia  powerful,  rapid, 
and  violent,  with  contracted  arteries  and  small  tense  pulse.  ^ 
The    same  considerations    must  direct    our    employment   offl 
galvanisation ;  the  strong  currents  roust  be  applied  so  as  to 
influence  the  regulator  nerves  of  the  heart  only  when  the  action 
of  the  heart  is  quick  and  violent ;  while  weak  currents  must  be 
used  to  the  cervical  sympathetic  and  cervical  vagus  when  the  H 
action   is   slow   and   feeble.     When   it  is  desired    to    act  on " 
the  inhibitory  nerves  strong  stabile  currents  may  be  used ;  the 
positive   pole   should   be    placed   on  the  sternum,    while  the^f 
negative  is  placed  on  the  lower  cervical  vertebra^.     In  a  case  of™ 
supposed  rheumatic  origin,  Von  Huebner  obtained  a  complete 
cure  by  placing  the  positive  pole  upon  the  fossa  8uperste^laIi^ 
and  the  negative  upon  the  cervical  ganglia  of  the  sympathetic 
on  each  side  in  succession.     He  placed  the  positive  pole  over 
the  lowest  cervical  ganglion  and  the  negative  upon  the  sensitive 
spots  at  the  angles  of  both  shoulder-blades    At  first  weak 
currents  were  used,  and  the  attacks  ceased  after  the  first  sitting, 
and  did  not  return. 
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DISEASES   OF   THE    ABDOMINAL    PORTION   OP   THE 
SYMPATHETIC. 

(I.)-NEirROSES   OP   THE   C(EL1AC  PLEXUS. 
Neuralgia  Mesentei'ica  {Colic,  EnieixUgia,  Colica  Saturnina). 

§  334).  EDteralgia,  or  intestinal  colic,  consists  of  paroxysms  of 
pain  in  the  abdomen,  having  their  seat  of  maximum  intensity 
about  the  umbilical  region. 

Etiology. — Any  source  of  irritation  of  the  mucous  membrane 
of  the  alimentary  canal  may  give  rise  to  colic,  such  as  undi- 
gested or  irritating  food,  cold  drinks  or  ices,  retained  fjeces, 
and  the  presence  of  gall  stones  or  worms.  The  source  of  the 
irritation  may  be  in  the  mucous  membrane  itself;  hence  colic  is 
often  a  prominent  symptom  of  organic  diseases  and  obstruction 
of  the  intestines.  The  origin  of  the  irritation  may  be  remote 
and  indirect ;  hence  intestinal  colic  may  likewise  be  a  symptom 
of  ovarian  and  uterine  affections,  or  result  from  the  paawge  of 
hepatic  or  renal  calculi.  Exposure  to  cold  is  a  frequent 
cause  of  colic,  and  is  probably  produced  in  a  reflex  manner. 
Diseases  in  other  parts  of  the  nervous  system  may  cause  colic, 
and  it  is  especially  frequent  as  a  symptom  of  hysteria.  Intes- 
tinal colic  is  sometimes  caused  by  certain  morbid  poisons  in 
the  blood,  as  gout  and  rheumatism  ;  but  chronic  lead  poisoning 
produces  the  severest  and  most  obstinate  form  of  colic,  although 
the  afiFection  may  be  a  symptom  of  chronic  copper  poisoning, 
and  may  probably  be  caused  by  other  mineral  poisons. 

Symptoms. — Severe  pains  are  felt  in  the  abdomen,  which 
usually  occur  quite  suddenly,  without  any  premonitory  symp- 
tom. The  pains  are  described  as  being  of  a  twisting,  pinching, 
or  griping  character.  They  begin  and  are  most  severe  about 
the  umbilical  region,  but  may  spread  over  the  entire  abdomen. 
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and  are  liable  to  change  their  position.  The  pains  occur  in 
paroxysms,  which  are  followed  by  periods  of  remission  or  com- 
plete intermission.  Pressure  of  the  abdomen  almost  always 
affords  relief,  and  the  patient  usually  bends  forwards  and  presses 
the  abdomen  with  both  hands,  or  lies  on  the  abdomen.  A 
diffused  tenderness  of  the  abdominal  walls,  on  deep  pressure, 
especially  if  suddenly  applied,  is  not  unfrequently  experienced. 

The  bowels  are  usually  constipated,  and  distended  with 
flatus,  so  that  a  very  tympanitic  note  is  afforded  on  percussion, 
and  the  rolling  about  of  flatus  can  often  be  felt  when  the  band 
is  placed  on  the  abdomen,  while  the  abdominal  muscles  are  fell 
contracted,  hivrd,  and  knotty.  Colic  may  occasionally  be  asso- 
ciated with  diarrhcea.  In  lead  colic  the  abdomen  is  retracted, 
there  is  obstinate  constipation,  nausea,  vomiting,  eructntions, 
and  hiccup ;  while  the  blue  line  on  the  gums  will  indicate  the 
presence  of  the  poison  in  the  system. 

Disorders  of  the  circulation  are  usually  associated  with  eveiy 
form  of  colic.  During  the  attack  the  face  and  extremities  are 
pale  and  cold,  and  the  action  of  the  heart  becomes  slow  aod 
feeble,  and  if  the  attack  be  prolonged  there  may  be  sjrmptonu 
of  more  or  less  complete  collapse.  The  action  of  the  heart 
unusually  weak  in  lead  colic,  and  the  pulse,  although  occ«' 
sionally  quickened,  is  as  a  rule  rendered  slow.  Out  of  1,21' 
cases  collected  by  Tanquerel,  the  frequency  of  the  pulse  in  67) 
was  only  from  30  to  GO  in  the  minute ;  and  Eulenburg  observi 
cases  in  which  the  pulse  beat  only  28  times  in  the  minute.' 
Cases  have  been  observed,  however,  in  which  there  has  been 
increased  frequency  of  the  pulse.  Romberg  has  drawn  atten 
tion  to  the  fact  that  patients  suffering  from  intestinal  and  oth 
forms  of  colic  experience  a  subjective  sensation  of  faintn 
and  weakness,  and  a  sense  of  impending  death  more  or  leas 
similar  to  that  which  is  experienced  during  attacks  of  angina. 
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§  335.  Pathology. — It  is  wholly  unnecessary  to  enter  here  iai 
a  detailed  account  of  the  various  opinions  held  with  regard 
the  nature  of  colic,  nor  need  we  enter  on  the  question  whethi 
it  is  to  be  regarded  as  a  hyperesthesia,  or  a  neuralgia  of  the 
mesenteric  plexus  and  its  ganglia.     Ludwig  has  found  that  th( 
splanchnic  nerves  are  highly  sensitive  to  nervous  impressii 
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and)  consequently,  it  is  verj  probable  that  the  painful  im> 
pressions  reach  the  sensorium  through  these  nerves.  Eulenburg 
and  Quttmann  suggest  that  the  sensory  fibres  which  surround 
the  abdominal  arteries  may  also  be  involved  in  the  enteralgic 
attack.  The  disorders  of  the  circulation  are  to  be  explained 
by  supposing  that  the  irritation  of  the  intestines  is  conveyed 
by  afferent  fibres  to  the  centre  of  the  vagus  in  the  medulla 
oblongata,  and  thence  reflected  outwards  to  the  heart,  inhibit- 
ing its  action,  as  occurs  in  Goltz's  percussion  experiments  with 
the  intestines  of  the  frog.  It  must,  however,  be  remembered 
that  Marshall  Hall  arrested  the  action  of  the  heart  of  an  eel  by 
crushing  the  stomach  after  the  brain  and  spinal  cord  had  been 
entirely  removed ;  so  that  the  irritation  must  have  been  con- 
veyed from  the  latter  to  the  former  without  the  intervention  of 
the  medulla  oblongata. 

§  336.  Treatment. — The  first  aim  of  treatment  must  be  to 
remove  the  cause  of  the  affection.  As  constipation  is  usually  pre- 
sent, a  free  aperient  must  be  administered,  and  probably  the  best 
for  the  purpose  is  a  full  dose  of  castor  oil  If  the  pain  be  severe, 
twenty  to  thirty  drops  of  tincture  of  opium  may  be  given  along 
with  the  oil.  Other  forms  of  aperient  may  do  equally  well,  or 
the  bowels  may  be  evacuated  by  means  of  enemata  of  warm 
water.  Carminative  drinks,  or  some  spirit  and  hot  water,  are 
useful  during  the  attack,  and  if  hysteria  is  associated  with  the 
attack  a  draught  containing  tincture  of  valerian  or  assafsetida 
is  indicated.  For  the  relief  of  pain  the  greatest  reliance  must 
be  placed,  as  usual,  upon  opium — either  a  full  dose  of  the  tinc- 
ture or  a  subcutaneous  injection  of  morphia.  Fomentations 
over  the  abdomen  or  dry  heat  with  friction  are  useful  adjuncts 
in  treatment,  and  if  any  signs  of  collapse  supervene  diffusible 
stimulants  must  be  given  more  or  less  freely,  according  to  cir- 
cumstancea  In  lead  colic  the  poison  must  be  eliminated  by 
means  of  vapour  baths,  diaphoretics  like  jaborandi,  and  above 
all  by  the  administration  of  iodide  of  potassium,  which  renders 
soluble  the  lead  which  has  been  deposited  in  the  tissues.  The 
faradic  and  galvanic  currents  may  be  useful  in  the  treatment  of 
the  affection,  although  their  efficacy  has  not  as  yet  been  indu- 
bitably proved. 
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§  337.  SjKtam  and  Paralysis  i/n  the  Region  of  the  Cceliac  PUxut. 

The  movements  of  the  larger  portion  of  the  intestinal  tract 
from  the  stomach  to  the  transverse  colon  are  regulated  through 
the  splanchnic  nerves;  and  consequently  the  motor  disturbances 
to  which  these  organs  are  liable  are  in  great  part  caused  hj 
disorder  of  the  sympathetic  system.  The  vomiting,  whicb 
accompanies  hysteria,  neurasthenia,  tabes  dorsalis,  and  other 
nervous  diseases,  is  in  all  probability  due  to  implication  either 
directly  or  indirectly  of  the  sympathetic  system.  Reflex 
vomiting  accompanies  the  passage  of  a  gall  stone  or  renal 
calculus,  as  well  as  other  diseases  attended  by  severe  pain. 

Irritation  or  paralysis  of  the  regulatory  fibres  of  the  splanchnic 
nerves  may  give  rise  to  obstinate  constipation,  or  to  an  increased 
peristaltic  action  of  the  bowels.  The  obstinate  constifxition  of 
lead  colic  may  be  taken  as  an  example  of  the  former,  (wd 
the  increased  peristaltic  action  caused  by  various  purgative 
medicines  of  the  latter. 


(U.)-NEUR0SE3  OF  THE  GA3TEIC  PLEXUS. 

Some  of  the  sensory  neuroses,  as  Pyrosis,  Bulimia,  and 
Polyphagia,  which  occur  in  the  territory  of  distribution  of  the 
gastric  plexus,  have  been  already  described,  and  it  only  remains 
to  mention  briefly  the  neuralgic  attacks  which  occur  in  tbi« 
region. 

§  338.   Neuralgia  Gastrica  (Cardialgia,  Gastralgia,  Oa*- 
trodynia  Neuralgica,  NevLiuLgia  Coiliaca.) 

Gastrodynia  is  characterised  by  paroxysmal  attacks  of  pain 
in  the  epigastric  region,  which  may  radiate  upwards  to  the 
back  between  the  shoulder!),  or  towards  the  middle  of  tbe 
sternum.  The  attack  usually  comes  on  suddenly,  without  any 
premonitory  .symptom,  and  the  pain,  which  is  very  severe,  gene- 
rally intermits  after  a  few  minutes,  but  soon  recurs  with  greater 
intensity,  and  after  repeated  intermissions  finally  disappears. 
Tenderness  of  the  epigastrium  on  pressure  is  not  usually 
present,  the  pain  being,  on  tbe  contrary,  often  relieved  by  firm 
and  continuous  pressure.  Pressure  on  the  cartilages  of  tlie  false 
ribs  on  the  left  side  or  oa  the  corresponding  intercotstal  sp 
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may  cause  pain,  and  the  spinous  processes  of  some  of  the 
vertebrai  may  be  tender  on  pressure.  In  severe  cases  a  feeling 
of  oppression  and  faintness  accompanies  the  attack,  due  to  an 
effect  exerted  on  the  circulation,  and  the  affection  is  therefore 
closely  allied  to  angina  pectoris  reflectoria. 

During  the  attack  the  upper  portions  of  the  recti  muscles 
are  strongly  contracted,  and  the  abdominal  walls  consequently 
rendered  tense  and  unyielding.  The  epigastric  region  is  usually 
retracted,  seldom  swelled.  The  pulse  is  generally  slow  and 
feeble,  the  arterial  tension  low,  the  extremities  cold  and  pale, 
and  towards  the  end  of  a  severe  attack  chattering  of  the 
teeth,  faintness,  and  vomiting  have  been  observed. 

The  duration  of  the  attack  varies  from  a  few  minutes  to  a 
few  hours,  or  even  to  a  few  days,  and  during  the  interval  the 
patient  is  free  from  pain.  The  recurrence  of  the  attacks  is  very 
irregular ;  at  times  they  occur  daily,  while  at  other  times  years 
may  intervene  between  two  attacks. 

The  etiology  of  the  disease  is  obscure.  The  affection  is  more 
common  in  youth  than  in  old  age  and  in  women  than  in  men. 
It  is  often  associated  with  anasmia  and  chlorosis,  and  is  not  an 
unfrequent  manifestation  of  hysteria.  Hereditary  predisposi- 
tion to  the  affection  can  occasionally  be  traced,  and  a  depressed 
nutritive  condition  predisposes  to  gastralgia  as  to  other  forma 
of  neuralgia.  The  stomach  is  free  from  structural  change,  and 
the  digestion  may  in  other  respects  be  carried  on  satisfactorily. 
Gastralgic  attacks  are  not  unfrequent  in  certain  diseases  of  the 
spinal  cord,  especially  in  tabes  dorsalis. 

Bingriosis.  —  The  pain  of  gastric  neuralgia  occurs  in 
paroxysms  with  perfectly  free  intervals,  it  occurs  independently 
of  the  kind  of  food  taken  into  the  stomach,  and  it  is  relieved 
by  pressure  on  the  epigastrium,  and  the  nutrition  of  the 
patient  is  r.^^ely  affectdl  In  chronic  structural  diseases  of  the 
stomach,  on  the  other  hand,  the  pain  is  increased  by  the  action 
of  anything  which  irritates  the  mucous  membrane  of  the 
stomach  ;  it  occurs  soon  after  partaking  of  food,  more  especially 
if  the  food  or  drink  contain  anything  pungent  or  irritating,  it 
is  increased  by  deep  pressure  over  the  epigastrium,  and  the 
patient  loses  flesh  and  becomes  progressively  emaciated,  and 
assumes  a  cachectic  appearance. 
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Prognosis. — The  prognosis  of  gastric  neuralgia  is  generally 
favourable,  except  when  it  depends  upon  hysteria,  or  a  central 
lesion  like  locomotor  ataxy. 

Treatm^t. — The  causes  must  first  be  removed.  When  it 
occurs  in  young,  anxmic,  and  chlorotic  females,  the  usual 
treatment  of  these  affections  must  be  adopted.  K  a  malarial 
origin  be  suspected,  quinine  is  likely  to  prove  an  effectual 
remedy.  lu  many  cases  a  cure  is  effected  by  the  removal 
of  other  local  diseases,  as  metritis,  or  ulceratioo  of  the  os 
uteri.  In  the  great  majority  of  ca.scs,  the  treatment  must  be 
palliative,  and  directed  to  allay  the  local  pain.  The  most 
usual  remedies  for  this  purpose  are  bismuth,  nitrate  and  oxide 
of  silver,  opium,  or  the  subcutaneous  injection  of  morphia.  I 
have  several  times  found  the  constant  current  useful,  the 
positive  pole  being  placed  on  the  sternum,  and  a  large  negatiTC 
pole  on  the  epigastrium. 

tIII.)-NKURALGIA  HEPATICA  (HKPATALGIA). 

§  339.  Hepatic  colic  is  usually  the  result  of  the  passage  of 
biliary  calculi  through  the  cystic  and  common  ducts.  Paroxysms 
of  similar  pain,  however,  occur  at  times  in  neurotic  subjects,  in 
the  entire  absence  of  jaundice  and  the  other  symptoms  which 
indicate  the  passage  of  gall  stones,  and  when  no  other  source  of 
irritation  can  be  discovered;  hence  these  are  regarded  as  of 
purely  neuralgic  origin. 

Symptoms. — The  symptoms  of  hepatic  colic  arc  more  or  le«j 
severe,  pain  coming  on  suddenly  and  lasting  with  irregular  inter- 
missions and  exacerbations  a  few  hours  or  a  few  daya.  The  pain 
is  often  very  severe,  and  of  an  aching,  cutting,  or  tearing  cha- 
racter, and  is  usually  attended  with  a  sense  of  constriction  or 
cramp.  It  is  generally  referred  to  the  pit  of  the  stomach,  or  to 
the  umbilicus,  whence  it  radiates  to  the  back  between  the 
shoulders,  but  never  downwards  (Murchison).  The  patient  suffers 
during  a  severe  attack  from  faintness,  nausea,  and  vomiting,  the 
action  of  the  heart  is  weakened  and  the  surface  of  the  body  is 
cold,  and  in  severe  cases  there  are  symptoms  of  collapse. 

Treatment — The  treatment  of  hepatic  colic  must  be  conducted 
on  the  same  principles  as  for  enteralgia,  by  fomentations  aad 
narcotics,  and  the  removal  of  the  exciting  cause. 
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§  340.  AdduoWt  Disease  (Brofued  Skin). 
The  peculiar  cachexia  and  pigmentatioa  of  the  skin,  which  constitute 
the  chief  clinical  features  of  Addison's  disease,  have  almost  always  beeu 
found  associated  with  disease  of  the  stipra-reual  capsules.  '1  he  semilunar 
ganglia  and  solar  pleius  are,  however,  frequently  implicated  in  the  disease, 
and  some  pathologists  regard  the  aflfectiun  of  the  sympathetic  as  the 
primary  and  fundamental  anatomical  change,  and  that  upon  which  the 
symptoms  depend.  A  large  number  of  post  mortem  examinations  might 
be  cited  in  favour  of  this  opinion  ;  but  so  long  as  the  nervous  origin  of 
the  diaease  is  uncertain,  it  will  be  better  to  refer  the  reader  to  other 
sources  of  information  with  regard  to  this  affection. 
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§  341.  Diabetet  Mellittu. 
The  vaso-motor  nerves  of  the  liver  talte  their  origin  on  the  floor  of 
the  fourth  ventricle,  and  pass  through  the  cervical  and  upper  dorsal 
regions  of  the  spinal  cord,  and  the  rami  communicaiitca  opposite 
the  fourth  or  fifth  dorsal  vertebra,  to  join  the  sympathetic,  and  ulti- 
mately enter  the  organ  a-s  the  hepatic  plexus.  Injury  to  these  fibres, 
either  at  their  origin  in  the  floor  of  the  fourth  ventricle,  or  in  any  part  of 
their  course  in  the  spinal  cord,  or  in  the  sympathetic  itself,  produces  a 
paralytic  dilatation  of  the  vessels  of  the  liver,  that  is  followed  by  an 
increased  formation  of  sugar  in  the  organ,  which  is  eventually  eliminated 
by  the  kidneys.  There  can  be  no  doubt  that  many  fonns  of  diabetes 
mellitus  are  similarly  caused.  Many  cases  of  diabetes  are  caused  by 
injury,  or  disease  of  the  brain,  involving  the  floor  of  the  fourth  ventricle, 
or  the  parts  near  it.  Diabetes  has  also  been  found  to  follow  division  of 
the  sciatic  nerve  in  animals,  and  sugar  has  recently  been  detected  in 
the  urine  in  certain  cases  of  sciatica  (Braun). 

(IV.)-Nf;URUSE3  OF  THK  HYPOGASTRIC  PLEXUS  (NEUaALGIA 
HYPOGASTRICA). 

§  342.  Hypogastric  neuratgia  was  first  observed  by  Romberg, 
and  consists,  according  to  that  observer,  of  painful  sensations 
in  the  lower  abdominal  and  sacral  regions  radiating  to  the 
upper  part  of  the  ibtgh  and  the  parts  supplied  by  tlie  spinal 
hiemorrhoidai  nerves.  It  is  usually  met  with  in  females  in 
connection  with  hysteria  and  irregularities  of  menstruation,  and 
frequently  occurs  at  the  commencement  of  puberty.  Various 
forms  of  hypogastric  neuralgia  may  be  observed  according  to 
the  branches  affected.  In  one  case  the  utero-vaginal  plexus 
may  be  affected,  giving  rise  to  hysteralgia,  in  another  the 
hsemorrhoidal  plexus  may  be  the  seat  of  the  disease  consti- 
tuting neuralgia  of  the  anus.     At  another  time  the  ovary  is  the 
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seat  of  the  disease,  and  then  it  is  called  ovarialgia.     When 
the  spermatic  plexus  is  affected,  it  constitutes  what  has  beeo 
described   as   irritable  testis  and  neuralgia  testis.     At  other  i 
times  the  urethra  in  men  is  affected,  constituting  neuralgial 
ureihralia. 

§  343.  Neuralgia  of  the  Rectum. 

Neundgia  of  the  rectum  iu  its  pure  form  is  rare,  and  there  can  be 
little  doubt  that  a  great  many  of  the  cases  which  have  been  described  M 
euch  were  iiiHtaacea  of  alight  hasure  of  the  anus.  Dr.  Ajiatie  obMrrtd  a 
cose  where  the  most  careful  examiuatiou  failed  to  detect  a  fisaurs. 

The  symptoms  consisted  of  severe  paroxysms,  of  outtiug  paius  coming 
ou  suddeuly  aud  spoutaueously  after  exposure  to  cold,  situated  one  iueli 
within  the  anua,  aud  greatly  increased  by  defecation. 

Treatment. — Besides  the  usual  treatment  of  neuralgia,  suppoitonea 
of  morphia  or  subcutaneous  injection  of  atropine  (Anstie)  ohould  be 
used.  The  galvanic  current  may  be  employed  locally  by  a  soitAbk 
electrode. 

§  344.   Uterine  Netirulgiu. 

The  following  are  the  causes  which  Dr.  Austie  thought  would  give  h>e 
to  uterine  neuralgia  :  Ascaridea  iu  the  rectum,  profuse  aud  intractable 
leucorrbceo,  calculus  iu  the  kidney  or  ureter,  prulapae  of  the  uterus,  uteriue 
tumours  of  all  kinds,  ulceration  of  the  cervix,  and  scybalsB  impacted  iu  the 
rectum,  or  the  source  of  the  irritatiou  may  be  in  some  distant  part  of  the 
body.  In  the  disease  which  was  ^st  described  by  tiooch  aa  irrit*bla 
uterus,  severe  uterine  pain,  which  is  liable  to  periodical  exacerbationa, 
may  exist  iu  the  absence  of  any  recognisable  disease  of  the  pelvic  organs, 
uud  the  patient  haa  generally  sutfered  on  previous  occasiomi  ttoia 
neuralgia  iu  bome  other  part  of  the  body. 

The  p  itieut  compkins  of  paroxysmal  attacks  of  intense  pain  deep  in 
the  pelvis,  which  is  aggravated  by  movements,  by  the  maintenance  of 
the  erect  po.sture,^d  by  pressure  on  the  cervix.  The  pain  often  radiates 
to  the  inguinal  and  lumbar  regions,  generally  on  one  side,  aud  ia 
often  worse  at  the  menstrual  periods,  although  this  is  not  an  invariable 
rule. 

Va<)initmut  is  a  condition  of  intense  sensibility  of  the  vaginal  orifice^ 
which  renders  coitus  impossible.  It  is  often  associated  with  spasm  of  the 
constrictor  vaginu;  and  of  the  levator  aui,  aud  attempts  at  coition  may 
induce  general  hysterical  convulsions. 

§  345.  Ovarialgia — Ocarian  ffypenettiutia. 
Ovarian  neuralgia  may  be  caused  by  any  of  the  sources  of  irritation 
already  enumerated  as  the  causes  of  uterine  neuralgia.     It  ia  fre<)ueutly 
associated  with  grave  hysterical  phenomena,  but  it  is  diffioolt  to  deter- 
mine whether  the  ovarian  pain  ia  to  be  regarded  as  the  cause  of  tiie 
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hysterical  symptoms,  or  aa  the  efifeot  of  the  central  aSection  which 
underlies  hysteria.    The  left  ovary  is  most  usually  affected. 

Symptoms.— 'Paxticxiias  attention  has  recently  been  drawn  to  ovarialgia 
by  Charcot  and  his  pupils.  The  symptoms  consist  of  pain,  which 
IB  sometimes  so  acute  that  the  patient  cannot  tolerate  the  slightest  touch, 
and  which  is  localised  partly  in  the  hypogastrium  and  partly  in  the  iliac 
fossa.  In  many  cases  the  \mn  is  only  discovered  by  deep  pressure 
over  either  ovary,  and  in  these  cases  there  is  more  or  less  complete 
anasthesia  of  the  abdominal  walls,  and  the  seat  of  the  pain  is  much 
more  circumscribed  than  in  the  former  variety.  Deep  pressure  over  the 
iliac  region  enables  the  investigator  to  feel  the  concave  curve  formed 
by  the  superior  inlet  of  the  pelvis,  and  towards  its  middle  the  hand 
will  feel  an  ovoid  body  elongated  transversely,  and  which  is  frequently 
swollen  to  the  size  of  an  olive  or  a  small  egg  (Charcot).  Pressure 
exaggerates  this  fixed  iliac  pain,  and  causes  it  to  irradiate  towards  the 
epigastrium  and  throat.  The  irradiation  of  the  paiu  towards  the 
epigastrium  is  often  accompanied  by  nausea  and  vomiting,  and  if  the 
pressure  be  continued  palpitations  of  the  heart,  increased  frequency  of 
the  pulse,  and  a  sensation  of  "globus  hystericus"  supervene.  Besides 
these  symptoms,  which  constitute  the  usual  premonitory  symptoms  of 
a  hysterical  attack,  or  the  hysterical  aura,  Charcot  describes  other  symp- 
toms in  continuation  of  this.  These  symptoms  are,  according  to  Charcot, 
in  case  of  compression  of  the  left  ovary,  "  intense  sibilant  sounds  in  the 
left  ear,  which  the  patients  compare  to  the  hissing  noise  produced  by  the 
whistle  of  a  railway  engine  ;  a  sensation  as  of  blows  from  a  hammer  falling 
on  the  left  temporal  region ;  and,  lastly,  a  marked  obscurity  of  sight  in 
the  left  eye."  Similar  phenomena  occur  on  the  corresponding  parts  on 
the  right  side  when  pressure  is  applied  over  a  right  bypersasthetic  ovary. 

§  34(j.  Neuralgia  of  the  Testui. 

Neuralgia  of  the  testis  is  by  no  means  so  common  an  affection  as 
neuralgia  of  the  ovary.  Severe  neuralgic  pains  in  the  testis  occur  as  the 
result  of  morbid  growth  in  the  organ,  and  as  a  symptom  of  a  renal  calculus 
descending  the  ureter.  Dr.  Austie  observed  it  as  a  reflex  effect  of  herpes, 
and  it  is  not  uncommon  in  neurotic  subjects,  as  the  result  of  self  abuse. 

Neuralgia  of  the  testicle  consists  of  paroxysms  of  severe  pain  arising 
spontaneously  and  usually  unilaterally,  and  seated  partly  in  the  testicle  and 
partly  in  the  epididymus  and  cord.  The  or^tm  is  tender  to  pressure  and 
contact,  and  between  the  paroxysms  of  pain  a  certain  amount  of  dull 
aching  pain  is  complained  of.  During  the  attacks  of  pain  the  testicle  is 
strongly  retracted  owing  to  spasm  of  the  cremaster  muscle,  and  they  are 
fi^uently  attended  with  fainting  and  vomiting. 

This  affection  is  usually  very  obstinate,  and  it  is  often  accompanied  by 
great  mental  depression,  which  may  end  in  confirmed  hypochondriasis  or 
melancholia. 
MM 
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